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PROBLEMS OF SOIL SCIENTISTS AND AGROCHEMISTS IN 
CONNECTION WITH THE PROGRAM OF 


BUILDING COMMUNISM 


The 22nd Congress of the Soviet Communist 
Party adopted an imposing program for the 
construction of a Communist Society. The Party 
and the whole Soviet people are faced with the 
real task of achieving an immense rise in produc- 
tion in the coming twenty years, and creating 
an abundance of material wealth so as to pro- 
ceed at the end of the twenty year period to 
Communist principals of the distribution of social 
benefits. Our society is also faced with im- 
mense problems in the education of the new man 
— the builder of Communism. 


The importance of science has never been so 
great as in the building period of socialism and 
communism. Under communism science will 
become the most important force in production, 
"the decisive factor in the great rise in the 
productive forces of society". 


The sections in the program of the Soviet 
Communist Party dealing with the development 
of science and the section on the growth of agri- 
culture define the problems facing soil scientists 
and agrochemists with great clarity and profund- 
ity. The most important of these problems is 
developed of the scientific principals for ration- 
al use of "the main means of agricultural produc- 
tion" (in the expression of Karl Marx) — the 
land. 


The creation 6f an abundance of agricultural 
products calls primarily for a fundamental in- 
crease in the fertility of soils and the yield of 
agricultural crops based on the scientific 
distribution of agriculture by natural and 
economic zones and regions; more profound 
specialization; improvement in the level of 
agriculture; and introduction of scientifically 
evolved systems of agriculture that correspond 
to soil anc climatic conditions and the develop- 
ment of livestock industry. This task laid down 
in the program is a guide for the daily activity 
of the agronomists, soil scientists, and agro- 
chemists of the Soviet Union. The vast ex- 
panses of our Mother Land, with its extremely 
diverse conditions, call for the introduction of 
differentiated farming techniques and the ration- 
al selection of crops and the structure of sown 
areas. The development of differentiated 
systems of agriculture should be based on the 
establishment of soil and climatic region. This 
work, which has been carried out in recent 


ipraft program of the CPSU, "Kommunist', No. 
11, page 72, 1961. 
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years for the territory of the Soviet Union by a 
group of Soviet soil scientists has been possi- 
ble mainly as a result of many years of exten- 
sive work on soil cartography. The develop- 
ment and introduction of scientific agricultural 
systems calls for a great effort from the soil 
scientists of the USSR to draw profound theoreti- 
cal conclusions from all the accumulated 
material on the qualitative features of the land 
resources, on the study of soil processes, water, 
air, heat, gas and nutrient regimes, etc., on 
the agrochemical, agrophysical and meliorative 
description of the country's soil, and on the 
mapping of soil erosion. 


In addition to more profound soil studies in 
areas that have long been utilized, extensive 
soil-geographical and soil-meliorative work 
must be developed in the next twenty years in 
Western and Eastern Siberia and in the Far 
East. The development of new industrial 
centers in these districts has already demanded 
the setting up of agricultural supply bases and 
this requires comprehensive study of the natural 
resources of Siberia and the Far East and the 
discovery of new areas of virgin land suitable 
for agricultural use. 


Existing soil classification and taxonomy is 
based primarily on a study of the static proper- 
ties of soils and the factors of soil formation. 
Much work must be done to perfect and extend 
the taxonomy and classification of natural soils 
and to develop a classification of cultivated soils, 
taking into consideration the extensive material 
for large scale soil mapping in kolkhozes and 
sovkhozes, research on the soil geography of 
little studied districts in the Soviet Union and 
abroad, and the results of work on soil processes 
at research stations. 


The task set out in the Party program of in- 
creasing the use of chemicals in agriculture 
and stepping up the satisfaction of agricultural 
demands for industrial and locally produced 
mineral and organic fertilizers requires great 
work from agrochemists to establish the most 
effective quotas, times, and rates for the use 
of fertilizers with different crops on different 
soils. Agrochemists must cooperate closely 
with entomologists, plant physiologists, micro- 
biologists, and phytopathologists in a penetrating 
and comprehensive study of the effect of the 
chemicals used in weed and pest control on 
plants, micro-organisms, and soil fertility. 


Man's influence on nature increases year by 
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year in our country. The builders of com- 
munism are laying down canals and irrigating 
deserts, draining vast areas of marshy land 
and bog, and altering the nature of natural 
vegetation, which are also affecting soil 
processes. Soil scientists must make a far 
reaching study of the effects of soil improve- 
ment and agricultural practices on the soil so 
as to evolve methods for the control of soil- 
forming processes. This is one of the most 
important theoretical and practical tasks of 
soil science during the building of communism. 


In the new stage being entered upon by soil 
science, it is essential to organize an extensive 
coverage of research on soil processes at re- 
search stations. There must be an extended 
program at experiment stations, in the lead- 
ing kolkhozes and sovkhozes, and at specially 
organized units in all the natural zones and 
provinces. This research will yield materials 
that will assist in the development of methods 
for creating highly fertile soil throughout our 
nation, 


The extensive plan for irrigation work envis- 
aged in the Party Program for the irrigation 
and water supply of 28 million hectares of new 
lands in arid regions and the improvement of 
excessively wet soils in the non-chernozem 
zone requires the active participation of soil 
scientists. We need a description of the new 
districts from the point of view of soil improve- 
ment, a study of the effects of the new methods 
of soil improvement on the soil, on the physico- 
chemical properties of soils and their fertility, 
on the water and salt regime of soil, and on the 
ground water regime. In thenext few years 
irrigation will be extended from Central Asia 
and Transcaucasia (the old irrigated districts) 
to new districts of the Volga region, the south 
of the Ukraine, the Northern Crimea, and 
Ciscaucasia. These new districts are as yet 
little studied from the point of view of soil 
improvement. The ambitious plan for turning 
the waters of the northern rivers into the Volga 
requires a painstaking soil and hydrological 
description of the basins of these rivers, since 
the creation of vast reservoirs in the north 
may inundate agricultural lands and give rise 
to marshes, 


Particular mention should be made of the 
reclamation of millions of hectares of bogs 
and water-logged lands. Reclamation is highly 
developed in our country. Highly efficient 
machines for reclamation work have begun to 
reach the organizations concerned with this 
work in agriculture in the last few years, 
There has been much reclamation of bogs and 
water-log ed soils and construction of open 
drainage (the most effective drainage system) 
in the Belorussian, Lithuanian, Latvian and 
Estonian Republics, and in the Leningrad and 
Moscow regions. This work has shown that 
there is a rapid return for expenditure on the 
reclamation of bogs and water- logged soils 
and that such soils can produce persistently high 
crops of vegetables and forage even in the first 
years of use, 


Studies of soil processes in the recent 
reclamation and utilization of bogs in different 
natural regions have shown that the existing 
methods should not be rigidly applied. Identical 
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methods should not be used under different soil 
and climatic conditions. The development of 
differentiated methods for the reclamation — 

and utilization of bogs and water-logged soils 
must be based on a complete study of the 
processes involved in the carrying out of these 
measures in different natural regions. If insuf- 
ficient allowance is made for natural conditions 
and if irrational methods are employed, the 
fertility of the soils will decline and may even be 
lost and the yield of the crops grown on them 
will be reduced, 


The section of the Party Program dealing with 
the development of the kolkhozes mentioned the 
need to create conditions in which the economic 
opportunities of collective farms in uneven, 
natural and economic conditions would be the 
same. In addition to developing methods for 
cultivation and for greatly improving the fer- 
tility of soil, soil scientists, and agrochemists 
must join forces with economists in the next 
few years to improve the site quality of soil, 
or, more accurately, of land. This work, 
which is intimately connected with the large- 
scale mapping of kolkhoz and sovkhoz land should 
be completed in the next few years. The applica- 
tion of a site quality index will enable us to ful- 
fill the demand in the Party Program that the 
principal of equal pay for equal work should be 
applied throughout the collective farm system 
as long as the socialist principal of payment 
for work remains in force. 


Many of the problems enumerated can only 
be successfully solved if everything possible 
is done to improve field and laboratory methods 
for soil research using achievements in physics, 
chemistry and other special disciplines, and 
supplying soil and agrochemical institutes and 
experiment stations with improved instruments 
and apparatus. One of the urgent tasks facing 
soil science and agrochemistry is stubborn 
and persistent development of new methods and 
the rapid introduction of the best of these methods 
into general use. 


A correct solution of the problem of training 
soil scientists and agrochemists will have im- 
mense bearing both on the theory and practice 
of soil science and agrochemistry and on the 
introduction of their achievements into agricul- 
ture. The difficult situation in the training 
of replacements has already been discussed 
repeatedly at meetings of soil scientists and 
agrochemists and in the press. In view of the 
great tasks that face us this problem must be 
rapidly solved. 


The task that the Party sets all the scientists 
of our country is "... to strengthen the leading 
positions that Soviet science has won in the most 
important branches of knowledge and to occupy 
the leading position in all the main trends in 
world science. '' Soviet soil science has always 
occupied a leading position in the world since 
the time of V. V. Dokuchayev. If its authority 
is to be further increased we must develop 
the theory of soil science more profoundly, 
solve a number of philosophical problems con- 
cerning our science, introduce more generally 
a wide approach to the solution of problems 
connected with soil genesis and fertility, and 
link our research more closely to the sciences 
of the agricultural, physical, and chemical cycles. 
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In the last ten years Soviet soil scientists 
have given important assistance in the develop- 
ment of soil science and the carrying out of 
soil research to the people's democracies and 
to the independent countries of Asia and Africa 
that have thrown off the colonial yoke. Much 
work has been done in the People's Republic 
of China, Bulgaria, Romania, Burma, Viet- 
nam, and other countries. We must assist 
the independent countries of the African con- 
tinent. The contacts between Soviet soil 
scientists and those of all the countries in the 
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world will be extended and strengthened in the 
next few years, It is already necessary to 
begin preparation for the 8th Congress of Soil 
Science to be held in the Romanian People's 
Republic in 1964, 


Inspired by the decisions of the 22nd 
Congress, soil scientists and agrochemists 
will combine with the whole of our people in 
using all their knowledge and strength to 
create rapidly an abundance of material bene- 
fits and to bring closer the communist era. 


REGIONAL SUBDIVISION OF RECLAIMED WATER-LOGGED SOILS 
IN NONCHERNOZEM ZONE AND SOME PROBLEMS 


OF THEIR STUDY 


F.R. ZAYDEL'MAN, Rosgiprovodkhoz 


Increased agricultural production in the 
non-chernozem zone is intimately associated 
with the improvement, reclamation, and use of 
water-logged soils. 


The improvement and agricultural use of 
peat soils has been studied in detail by the 
work of Soviet and foreign (mainly German, 
Polish, and Scandinavian) soil scientists and 
reclamation experts, but little has yet been done 
on many aspects concerning mineral water- 
logged soils. Approximately 70% of the total 
land resources available for drainage in the 
non-chernozem zone consists of mineral 
water-logged soils. 


Various aspects of the study of water- 
logged soils in the non-chernozem zone related 
to the planning of reclamation, construction of 
drainage systems, and agricultural use will be 
considered in this paper. 


An anaerobic period of varying duration is 
a feature of all soils in the zone, but the 
term water-logged is applied to mineral soils 
in which the anaerobic period is so prolonged 
that crop growth and development is difficult 
or impossible. , 


Gleying of the horizons in the soil profile, 
accumulation of raw humus, and peat forma- 
tion in the accumulative horizon are all fea- 
tures of water-logged soils. At the same 
time aerobic conditions are of sufficient 
duration in water-logged soils to prevent the 
accumulation of peat. 


Soils which are temporarily excessively 
moist, in which the duration of anaerobic con- 
ditions do not adversely affect the development 
of crops but on which conditions are unfavor- 
able for the use of machines and implements, 
may be provisionally grouped with water- 
logged soils. 


Regional subdivision is an important aspect 
of reclamation studies, For purposes of 
drainage, a reclamation district is a group 
of soils in which water-logging is due to the 
Same Causes and in which the methods for 
the elimination are the same, The soils within 
such a group must be further differentiated by 
the degree of water-logging and fertility. 


Regional subdivision of water-logged soils 


for reclamation should therefore be based on the 
following four principles: 


1) Cause of water-logging. The method of 
drainage (lowering Of the ground water level, 
improvement of runoff, destruction of water- 
impermeable layers, etc. ) is decided when 
the cause of water-logging has been established; 


2) Degree of water-logging. The need to 
drain separate areas of the land mass for 
different agricultural use is established from 
information on the degree of water-logging; 


3) Fertility of water-logged soils (before 
and after draining). Information on the fertility 
of the soils under consideration is used to es- 
tablish the desirability of drainage, to plan 
the sequence of the work, and to decide on 
the cultivation and farming practices to be 
used in bringing the drained area under culti- 
vation; 


4) Uniformity of reclamation methods and 
prevention of Secondary water-logging. within 
the district. In this connection, changes in 
the soil’after drainage’and a description of the 
structural properties of the soil layer should 
be features of regional subdivisions. 


These basic principals have been used to 
produce the summary of present views on 
methods for the improvement and agricultural 
use of water-logged soils in the non-chernozem 
zone given in Table 1. It emerges from this 
outline that water-logging in the non-chernozem 
zone is due to the trapping of ground (and 
hydrostatic) waters and the prolonged stagnation 
of surface water (atmospheric water, down- 
hill drainage, and fluvial) Or to the develop- 
ment of a vegetation associated with a progres- 
Sive, unfavorable condition of mineral nutri- 
tion (biogenic water-loggmg). Water-logging 
is not ‘infrequently due to degradation, of the 
agriculturally valuable propertieg of soils by 
human activity (anthropogenic water-logging) 
or to the formation of watér-impermeable 
layers during soil formation (pedogentic 
water -logging). 

It is convenient to distinguish seven groups 
of water-logged soils for drainage purposes in 
the non-chernozem zone (see the Table) 


The causes of water-logging are a guiding 
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factor in the regional subdivision of soils for 

reclamation purposes, because they determine 

the drainage method and because soil genesis 

oe fertility are intimately associated with 
em. 


One can distinguish soils of two basic geo- 
morphological elements (floodplain and water- 
shed [non-floodplain] areas) in the non- 
chernozem zone. Water-logging of soils in 
watershed areas may be produced by atmos- 
pheric and ground waters, downhill drainage, 
biogenic, and pedogenic and anthropogenic 
factors. Atmospheric, biogenic, pedogenic, 
and anthropogenic water-logging, being asso- 
ciated with deterioration of soil structure, 
are not normally found in floodplain areas 
and downhill drainage is only of minor im- 
portance. 


In watershed areas soils become water- 
logged by surface waters under a leaching 
regime. This circumstance, plus the combin- 
ation of bog and podzolic soil-forming 
processes and the acid nature of the majority 
of the soil-forming parent materials, provides 
the main reason for the low general fertility 
of water-logged soils in watershed areas, 
Drainage alone has little or no effect on their 
fertility and crop yields that justify the 
expenditure on improvement can only be ob- 
tained by intensive farming involving the 
application of large amounts of organic and 
mineral fertilizers. 


The same considerations apply to a large 
extent to watershed soils water-logged by soft 
and iron-containing ground waters. Excluded 
in this relationship are soils water -logged 
by hard waters. When drained they give a 
considerable economic return for a compara- 
tively low expenditure. 


Soils water-logged by percolating water 
from water courses or by percolating water 
and ground waters in the central and along the 
terraced of a floodplain area are usually ex- 
tremely fertile after drainage. 


The outline gives information on grain 
yields (especially spring wheat) on drained 
land with and without the use of fertilizers. 
This information can be used with some degree 
of approximation to forecast the fertility of 
water-logged mineral soils after draining. 

It emerges from Table 1 that the agricultural 
success of measures to improve mineralized 

water-logged soils in the non-chernozem zone 
is largely determined by the level of farming 

technique and especially the fertilizer plan. 


This information, which is derived from the 
author's field observations and from the liter- 
ature, can be used to develop a site quality index 
for water-logged soils. 


Determination of the causes of water-logging 
is a crucial aspect of the study of water-logged 
soils, but methods to develop research pro- 
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cedure is lacking. Shrag (9) has made the most 
promising suggestions. The causes of water- 
logging (and therefore the classification of the 
soils in the regional subdivisions) are established 
from a study of the various landscape elements 
-- vegetation, soils, hydrogeological, and 
geomorphological structure. For practical 
purposes, however, it is often sufficient to 
study only two or three attributes (e. g. 
vegetation, soil genesis, and texture). Thus, 
the water-logging of soddy granular soils is 
usually due to percolation waters along the 
water courses. The existence of bog marl and 
kunkur in the soil profile is an indication of 
water-logging by hard ground waters. 


Coarse textured sod-podzolic soils become 
water-logged when the existence of a deep 
ground water table is associated with the 
presence of thin water-impermeable ortsand 
layers that develop in the process of podzol- 
formation. Conversely the pressure of thick 
ortstein patches in the profile of soddy-sandy 
soils and sandy loams in the aération zone is a 
certain indication of water-logging by iron- 
containing ground waters. Many more examples 
of this type can be given. 


Although it is possible to reveal the causes 
of water-logging by studying quite distinct in- 
dixes (soil genesis, geomorphological situa- 
tion, climatic factors, lithological structure 
of the soil layer, etc. ) and sometimes possible 
to make a quantitative estimate from study of the 
water balance of water-logged soils, their 
water-physical and other properties, the degree 
of water-logging is still often established purely 
on the basis of a visual and largely subjective 
study of the morphology of the soil profile. 

This approach is further explained by the fact 
that only one element in the continuous "'soil — 
plant'' chain is normally studied, In soil 
improvement and agricultural practice the 

"soil — crop'' system is so intimately connected 
that there can be no justification for making a 
separate assessment of excess moisture in soils 
purely on the basis of a study of morphological 
characteristics. It is evident that a soil may 
show clear signs of water-logging and still not 
need draining because it is not too moist for a 
number of crops. Any description of the degree 
of water-logging should therefore be related pri- 
marily to the need to drain soil in relation to 
differing agricultural utilization. 


There is, however, little information on the 
development of plants in water-logged soils. 
Afanas'yev (1) was one of the first investigators 
to pay attention to the need to collect information 
on the yield of different crops on water-logged 
soils and to evolve a production classification 
of the soils on this basis. He noted that yield 
should be assessed for these purposes in rela- 
tion to annual precipitation (wet, dry, and 
average years). 


Kasatkin (3) and Kasatkin and Pil'ko (5) 
have demonstrated that reduction in yield is 
often strictly related to the development of 
signs of water-logging in the soil, In anum- 
ber of soils (podzolic, podzolic with signs of 
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Table 2 


Effect of the degree of water-logging vf sod-podzolic soils on winter wheat yield. 


Shugarove Sovkhoz, 1969. 


ne 


Soil 


Sod-podzolic, well cultivated clay loam 
Sod-podzolic, slightly gleyed, clay loam 


Sod-podzolic medium gleyed, clay loam 


Grain yield, cntr/ha 


———_—— 


Without Mressing (N, P, K)| Without With two 
top in the tillering top_ op dress- 
dressing | and boot stages |dressing ings 


(Yield estimated by sample areas) 


Wt. of 1,000 grains,g 


With mineral top 


Note: Comma represents decimal point. 


water-logging, gley-podzolic, and podzolic- 
gley) Kasatkin noted a reduction in the yield 
of mixed clover and timothy from 326 to 100 
entr/ha (wet mass), of a vetch-oat mixture 
from 150 to 15 entr/ha, and of spring wheat 
and oats for the first three soils respectively 
from 17 to 8.1 cntr/ha and from 15. 2 to 11.5 
entr/ha. 


The relationship between the winter wheat 
yield (Table 2) and the degree of water-log- 
ging of sod-podzolic clay loams by surface 
waters has been studied by the author of the 
present paper in joint experiments with V. G. 
Vinogradov in a district of the Moscow Oblast’. 


These findings confirm that the yield of a 
number of crops is sharply reduced as the 


degree of water-logging increases. In the 
latter case it is essential to note that the use 
of mineral supplements (N, P, and K) gave 
some increase in yield as compared to the 
control. Nevertheless there is still consider- 
able divergence between wheat yield on water- 
logged and non water-logged soil. 


On the other hand, water-logging, which is 
usually poorly developed, does not retard the 
development of certain crops. Some crops even 
give higher yields on slightly water-logged 
soils. Afanas'yev (1) has established that 
"crops of flax, cabbage, and swede show a 
preference for a particular group of soils, 
the yield being highest on meadow-bog soils 
and then (in order of reducing yield) on peaty 
podzol, soddy podzol, and podzolic soil; the 


Table 3 


Differentiation of water-logged soils of the non-chernozem zone by the degree of water-logging 
processes 


Soils water-logged by ground water and flood- 
plain structural soils water-logged by surface 
waters 


Soils water-logged by surface waters (struc- 


tureless) 


1. Deeply gleyed, Drain only for ochards 


2, Gley-like, 2 Drainage essential for most 
field crops and vegetables, 


ke Gley. Drainage essential for any crop. 


1 


{ot} bo 
° 


- Temporarily excessively wet. 


- Medium gleyed. Must be drained for arti- 


: No apparent 
signs of water-logging. Suitable for various 
crops. Work with tilling, sowing and har- 
vesting machines is difficult in monsoon 
districts in spring and autumn (or only in 
autumn). 

Slightly gleyed,* Should be drained for 
orchards and most field crops and vegetables 


ficial meadows and all field crops and 
vegetables, 

Strongly gleyed. Must be drained for 
any crop. 


@The following vegetables and field cro 
without drainage: Cabbage, oats, vetch 
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ps Can be grown on gley-type and slightly gleyed soils 
» peas, forage beets, 


swedes, and, possibly, flax. 


RECLAIMED WATER-LOGGED SOILS 


fe cae order of preference applies to pota- 
oes", 


Rosov (6) observed varying resistance of 
perennial grasses to anaerobic conditions on 
sod-podzolic gley clay loams. According to 
Seliverstov (7), oats are more resistant to 
flooding than spring wheat. 


Our observations in the Moskvorets flood- 
plain area enable us to assert that the same 
yield of forage beets (300 cntr/ha) and of 
cabbage (400-450 cntr/ha) was obtained in 1960 
on gley soddy granular soils as on soils of this 
subgroup that were not water-logged, 


There have been many cases of the failure 
of valuable meadow grasses following intensive 
drainage of meadows and pastures on slightly 
water-logged mineral floodplain basin soils. 

It follows from what has been said that classi- 


fication of soils by degree of water-logging should 


be primarily related to the possibility of making 
agricultural use of these soils in their natural 
state. 


The subdivision of soils by degree of water- 
logging given in Table 3 is fundamental to the 
grouping for reclamation purposes put forward 
in this paper. 


Kasatkin (4) and others have shown that the 
development of gleying is largely controlled 
by the temperature conditions that govern 
the activity of the soil micro-flora and the 
rate of chemical reactions. Gleying is also 
intimately associated with the chemical com- 
position and texture of soils and soil-forming 
parent materials, with the duration and time of 
occurrence of precipitation, and with other 
factors. 


It can therefore be assumed that the mor- 
phological manifestation of anaerobic processes 
of the same duration will be different in the 
various natural districts of the zone and that, 
conversely, the morphological signs of gleying 
will be similar in soils in which anaerobic con- 
ditions are of different duration. It follows 
that the relationship between the morphological 
attributes of water-logging and the conditions 
of plant development should be separately 
established for the various climatic districts 
of the non-chernozem zone. The following 


example will illustrate the importance of this 
research, 


In the European part of the Russian Soviet 
Federated Socialist Republic (RSFR), anaero- 
bic processes in soils develop mainly in the 
spring and retard vegetation and sowing, 
whereas in the Far East anaerobic processes 
are most intense mainly at the end of the vege- 
tation period, i.e., after the yield of many 
crops is already formed, Thus, whereas the 
group of natural factors that produce similar 
symptoms of water-logging may have a nega- 
tive influence on the vegetative stage of crops 
and the formation of the harvest in the first 
case, causes that produce similar symptoms 
of water-logging in the second case will often 
not affect the formation of the harvest but will 
merely hinder its harvest. This circumstance 
has the important practical consequence that 
these soils can often only be incorporated in 
field crop rotations after drainage in the first 
case, whilst successful gathering of the 
harvest (especially of grain) on the morpholo- 
gically similar soils of the Far East often only 
requires the use, as we have observed, of more 
mobile machines or simply of farming mea- 
sures. It would therefore appear that the 
current subdivision of water-logged soils by the 
extent of gleying in the various horizons of the 
soil profile can be used for agronomical and 
reclamation work after it has been established 
that various types of crop can be grown on 
these soils. 


In this connection it should be noted that the 
absence of distinct genetic horizons makes it 
difficult to distinguish soils by the degree of 
gleying in floodplain areas. Secondly, the initial 
stages in water-logging in the soils of the central 
floodplains, water-logged by surface waters are 
revealed by gleying of deep-seated layers in the 
soil profile and not by the appearance of signs 
of gleying directly beneath the accumulative 
horizon as in fine-textured podzolic soils (2), 
This is because soddy brown, dark, brown 
alluvial clay loam, and clay soils, ~ which are 
of great economic importance in the non- 
chernozem zone, showa high tendency to 


{The names of alluvial soils are those given in 
Shrag's classification (8) . 


Table 4 


Field moisture capacity of sod-podzolic and soddy granular (alluvial) 
soils as a percentage of total porosity in the 0cm-30cm layer 


| Soil 


clay loam 


Soddy, granular, 
clay 


Degree of water-logging 


| 

| Not water-logged 
Slightly gleyed 
Strongly gleyed 
Not water-logged 
Deeply gleyed 
Gleyed 


FMC as a 
percentage of 


total porosity 


— 
wD) we 


CCMON Ct 


ca 


CAMA Hoa 
NOowon 


~~ 


Note: Comma represents decimal point 
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aggregate and to be water-permeable. Field 
water is therefore able to penetrate easily to 
the deep layers of the profile where it pro-_ 
duces gleying. The well aérated upper horizons 
are a suitable substrate for sowing and planting 
the most varied crops and especially vegetables 
and grasses. 


Drainage measures are largely conditioned 
by the genesis of water-logged soils, which 
governs their physical and chemical proper- 
ties and therefore the position assigned to 
them in the regional subdivisions. Too little 
allowance is still made for this circumstance 
when planning drainage systems. The genesis 


of the European part of the RSFSR in the non- 
chernozem zone by a method developed by the 
author (10), The values collected (Table 5) 
confirm the previous hypothesis that mole 
drains normally silt up within a year in sod- 
podzolic soils of clay loam and clay texture. 
These drains are very stable in soddy granular 
alluvial soils of the same texture. Failures in 
the widespread use of this cheap and efficient 
method of soil improvement can probably be 
traced to the fact that only the texture of the 
soils and not their genesis was taken into 
account when constructing mole drainage. 

The values obtained show that whatever the 
texture of the soils podzol formation is one of 


Table 5 


Results of mass* analyses of water- 


logged sod-podzolic and alluvial 


soddy granular and clayey-gleyed clay loams and clay soils for the 
percentage stability of mole drains 


Mole drains functioned for 


F 2-3 years, | _ 5 
Se 2-3, PAmonthsrarely oni] * tears 
months - lyear 1 year 
Alluvial 5,4 26,0 PY} 41,4 
Sod-podzolic 64,2 2 8 ish — 


47 all 110 samples were taken for each soil type in the various 
districts of the central non-chernozem zone. 


Note: Comma represents decimal point 


of the soils and the properties evolved during 
their formation are not usually taken into con- 
sideration and allowance is only made for their 
texture, 


The great importance of a correct under- 
standing of those features of the water-logged 
mineral soils of the non-chernozem zone that 
are due to their origin can be illustrated by 
the example of fine-textured soils water-logged 
by surface downhill drainage and alluvial waters 
from water courses. It has been experimentally 
established that modern agricultural machines 
can till the soil when soil moisture is below 70% 
-75% of field water capacity. However, obser- 
vation has shown that in water-logged sod- 
podzolic soils developed on mantle and moraine 
clay loams the moisture storage equal to satura- 
tion moisture capacity is 68%-69% and some- 
times 70%-73% of total porosity in the upper 
30 cm layer of plowland. Thus, when moisture 
is near to saturation capacity conditions become 
unfavorable to the use of machines on water- 
logged clay loam and clay sod-podzolic 
strongly and slightly gleyed soils. 


In alluvial soddy granular fine-textured 
soils (Table 4) field moisture capacity is only 
56%-57% of the total volume of pore space for 
the layer. With the same moisture, conditions 
are therefore more favorable for the use of 
machines and for the vegetative stage of crops 
on alluvial soils than on sod-podzolic soils. 


The stability of mole drains can be determined 
on a large scale in the water-logged mineral soils 
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the main causes for instability of mole drains 
in water-logged soils of watershed areas in the 
non-chernozem zone. Mole drainage is there- 
fore usually efficient for such a short period in 
the podzolic and sod-podzolic soils of the zone 
that its construction is not economical. On 

the other hand mole drains often function for 
many years in the soddy granular soils of flood- 
plain areas although the conditions under which 
they function are not so favorable (Table 5). 


One important condition for the successful 
functioning of drainage systems in fine-tex- 
tured mineral soils water-logged by surface 
waters is that the material that fills the drain- 
age trenches should be highly water-per- 
meable. A potentially valuable method of in- 
creasing the water-permeability of this material 
is to add chemical structure-forming reagents 
(limestone, gypsum, polymers). It can be as- 
serted on the basis of the research already car- 
ried out (11) that the properties of the soils, as 
a result of their genesis, must be taken into 
consideration as well as the properties of the 
reagent used. 


It has been shown that limestone, gypsum, and 
calcium lignosulfate considerably improve the 
water-permeability of drainage fill from sod- 
podzolic soil and that gypsum is most effective. 
These reagents had a different effect on fill from 
alluvial soils, in which the addition of lime- 
stone and gypsum considerably reduced water - 
permeability by comparison with the control. 


Finally it must be noted that these problems 
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are so complex that the r egional subdivision 

of water-logged soils for reclamation purposes 
here proposed can scarcely be taken as being 
fully developed. Further work is needed on 
many aspects including the classification of the 
soils under consideration, their site indexing, 
morphology, research on the development of 
various agricultural crops under anaerobic 
conditions of varying duration, and especially 
the relationship between methods of improving 
water-logged soils and their genesis, etc. 


Received May 30, 1961 
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SOILS OF THE CENTRAL PART OF T 
NATIONAL DISTRICT 


HE KHANTY-MANSIYSK 


S.S. MOROZOV, S.S. POLYAKOV, and G.M. TERESHKOV, M.V. Lomonosov State University, 


Moscow 


The authors studied the soil of the Ob in 
the Surgut-Kondinskoye area in 1957-1958 
during an expedition sponsored by the geologi- 
cal faculty at Moscow University. The area 
studied comprised the central part of the Khanty- 
Mansiysk National District, a territory approxi- 
mately 700 km long and up to 100 km wide. 


The territory is part of an extensive low- 
land plain slightly raised above sea level. The 
highest absolute altitudes (around 110 m) are 
found on the watershed plateau and the lowest 
(19.5 m) along the water line at its lowest 
points. The usual altitudes of the district are 
26 m-32 m (bottomland) and 37 m-47 m 
(terraces). Surfaces are practically horizontal 
over most of the territory. There are enclosed 
depressions in places. There are water-barren 
horizons near the surface; surface runoff is 
slight and underground flow is impeded, Since 
precipitation is considerable and evaporation 
reduced, there are many lakes and extensive 
water-logged areas, 


The following geomorphological elements 
can be distinguished in the relief: 1) the water- 
shed plateau and 2) the valley of the Ob, con- 
sisting of third, second, and first terraces and 
bottomland. 


The steep right hand slope of the Ob valley 
is formed by the watershed plateau in the area 
between Mt. Khanty-Mansiysk and the village of 
Kondinskoye, The topography of the water- 
shed is ridgy or undulating and rises between 
76 m and 89 m above the water line. Near 
the river significant amount of gullies dissect 
the surface, The third terrace is found in 
certain parts along the right bank to the north 
of Khanty-Mansiysk at heights of more than 
39 m above the water line. 


The second terrace can be traced along the 
left bank of the Ob at absolute altitudes be- 
tween 35 m and 45 m. Its surface is mainly 
level but it slopes towards the river. Here 
and there the terraces are dissected by 


the valleys of small rivers and streams and 
by gullies, 


The first terrace is continuous along the 
right bank of the Ob from Surgut to Khanty- . 
Mansiysk and of intermittent occurrence 
along the left bank, The topography of the 
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terrace is level and its absolute altitudes are 
between 27 m and 30 m. There is a well de- 
veloped network of gullies on the slopes, In 
some places the surface of the terrace is 
slightly undulating and 2 m-3 m, rises alternate 
with bog depressions. The bottomland of the 
Ob is between 12 km and 35 km, wide, broken 
up by many large and small waterways and a 
considerable number of areas is under water. 
The bottomland is 3m-5m above the waterline 
and its surface is level except for occasional 
river banks and remains of the first terrace. 


The climate is sharply continental: a harsh 
winter with continual snow storms and thick 
snow and a comparatively hot short summer. 
Mean annual temperature in the area is -1° to 
3°C. Even in the warmest month (July) the 
temperature often falls from +25° to -1°C. 
Mean annual precipitation is 400-500 mm, 
least amount is in the winter (February) and 
most abundant in the summer (greatest in- 
Auzust). Between 75% and 83% of mean annual 
precipitation falls between April and October. 


More than two-thirds of mean annual pre- 
cipitation falls during growing period and this 
has a bad effect on the ripening of crops. The 
early and quite thick snow falls protect the soil 
from the effects of the harsh winter; this is one 
reason why permafrost is only found sporadi- 
cally in peat bogs and on hillocks. The perma- 
frost boundary lies somewhat farther to the 
north than in Eastern Siberia, where there is 
less snow. 


The district studied lay within the coniferous 
taiga, where the dominant tree species are pine, 
cedar, spruce, fir, and larch. The landscape 
pattern is typically one of bogs and forests, the 
former being larger than the latter. The forests 
favor the higher areas along river valleys (known 
as "'continents''), and ridges and hills between 
bogs on the watersheds. In the area of the Ob 
valley studied, the forests were mainly cedars 
on the left bank bank from Surgut to the mouth 
of Irtysh and pines along the right bank. To 
the north of Khanty-Mansiysk the surface of 
the original right bank is covered by spruce, 
cedar, and rarely pine. The surface of the 
left bank is particularly water-logged in this 
area; the forests are grouped in the river valleys 
where they are found on ridges and banks along 
the rivers. Here there are islands of forest on 
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_Yaised areas and on sandy and sandy loamy 
areas of watersheds. Slash fires cover large 
areas; here and also on cut-over areas the 
coniferous species are temporarily replaced 
by aspen and birch. Birch is plentiful in the 
bottomland, where there are also willow thickets 
that grow to a height of 6 m - 8m. 


Natural meadows are found mainly in the 
bottomland., In geobotanical composition the 
water meadows are either cereal grass- 
motley grass, vetch, sedge-canary grass, 
sedge, or motley grass. Grass vegetation is 
normally absent from the forest; the soil 
is densely covered by green mosses, forest 
litter, and ubiquitous clumps of ledum, bilberry, 
mountain cranberry, cloudberry, leatherleaf, 
and cottongrass. 


The rocks of which the district is composed 
are mainly of Tertiary and Quaternary Age, 
with the latter predominating and emerging 
frequently at the surface. The main soil- 
forming parent materials of the Ob valley within 
the district studied are clay loams of the water- 
shed plateau and alluvial clay loams of the 
terraces, The various facies of the bottomland 
alluvium form widely distributed clay loam 
deposits in the bottomland (6). 


The mantles of clay loam of the watershed 
plateau are mainly bedded on boulder clay 
loam and are 8m-10 m thick. Boulders and 
pebbles accumulate at the foot of these deposits 
and the boundary with the subjacent layer is 
sharp. Isolated sand lenses and occasional 
brown sandy loam intercalations are found in the 
clay loam mantles above the boulder-pebble 
layer. The upper part of these formations has 
become highly loessial and differs noticeably in 
morphological characteristics from the lower 
part. The sand lenses and clay loam inter- 
calations and the sharp transition to the subja- 
cent horizons (5) all indicate that the loess- 
like clay loams and sandy loams were formed 
by water action. 


The soil-forming parent materials of the 
watershed plateau are sandy loams and 
coarse and medium clay loams (2) in which 
the dominant fraction is coarse silt (44%-54%). 
The colloidal clay content varies between 6. 5% 
and 23%, but the range of variation is quite 
narrow (21%-23%) for medium clay loams. 
It should be noted that the coarser varieties 
are found in the lower horizons of the soil- 
forming parent material and the more disper- 
sive varieties in the upper horizons. The 
mineralogical composition of the sand particles 
is shown in Table 1. 


The predominating clay minerals are often 
weathered. There are small amounts of 
kaolinite and halloysite. 


These deposits are only slightly salinized; 
the content of water-soluble salts is 1/100 of 
a percent and of carbonates not more than 1%. 


The loess-like clay loams and sandy loams 
of the watershed plateau are permeable to 
water owing to the presence of macropores; 
the infiltration coefficient is approximately 
1 m/day. Total porosity is 40%-50%, The 
whole layer of rock-forming parent material 
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is not water-stable and its plasticity is slight. 
These formations occur widely on the right 
bank of the Ob from Khanty-Mansiysk to 
Kondinskoye. 


In addition to the mantle deposits (loess- 
like clay loams and sandy loams) of the water- 
shed plateau, loess-like clay loams and sandy 
loams are also common on the first and second 
terraces. The first terrace extends along the 
right bank from Surgut to the mouth of the 
Nazym river; it is of intermittent occurrence on 
the left bank since the second terrace is some- 
times found between Surgut and Khanty-Mansiysk. 


There is little difference in appearance be- 
tween these rock-forming parent materials 
and those of the watershed plateaus. They are 
usually silty and slightly ferruginized; in natural 
outcrops they are divided by vertical weathering 
fissures into 2 m-4 m wide columns. They are 
thinner than the mantle deposits of the water- 
shed plateau and do not have a boulder-bebble 
layer and merges gradually with the subjacent 
layers. Some surface areas consist of sandy and 
sandy loam varieties. All the surface formations 
were undoubtedly produced by water action. 


Separate facies can be distinguished when 
these terrace and bottomland deposits are 
studied in greater detail, According to 
Kadkina (2) there are 7 facies types in the 
district that we studied, the commonest of which 
are cryptostratified clay loams and sandy 
loams, lens-like-stratified clay loams, and 
sandy loams and riverbed alluvium. 


Since these facies are rock-forming parent 
materials for the terraces and bottomland we 
shall describe them separately. 


The cryptostratified sandy loam and clay 
loam facies are largely found in the alluvial 
deposits and consist of dark grey to straw 
silty sandy loams and coarse clay loams. 

These are deposits containing macropores 

that are mainly vertical; Shantser (6) ascribes 
the presence of vertical pores to soil-forming 
process. The rocks are strongly ferruginized, 
as is revealed by the presence of rings, ellipses, 
and small lenses. Stratification is normally 
absent. During field observations the deposits 
were found to be of varying thickness (6 m, 

on the third terrace, 4m-5m, on the second 

and 2m on the first and on the bottomland). 


Transition to subjacent layers is gradual 
except when the superjacent deposits are of 
coarser texture (sands). Deposits of the 
cryptostratified facies also occur widely on the 
bottomland where they differ from the same 
facies on the terraces in being cinnamon-brown 
in color with dark blue spots and in being more 
moist and porous. 


In texture the deposits of the cryptostratified 
facies are coarse and medium clay loams, The 
predominant fraction is coarse silt (45%-60%) ; 
total absence of coarse and medium sand parti- 
cles is a typical feature. Average porosity of 
the deposits if 40%. The mineralogical compo- 
sition of the clay and sand particles is little dif- 
ferent from that for the loess-like clay loams 
and sandy loams of the watershed plat- 
eau, 
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Table 1 


ming parent 


Mineralogical composition of the soil-for pre 


L 


Depth from which samples taken, 


~~ 2,20-2,30 | 3,40—3,50 | 


materials of the watershed plateau, 0. 25mm- 
action 


m 


4,70—4,89 6,10—6,20 


Diameter of fraction, mm 


Mineral =— —_—— 
ns | 005 | 0z5~ | 605 | 6.25 | 56: 5,01 | 0,25--0,05 | 0,050.0 
! 
Heavy fraction 
(0,60%) (0,30%) (2,20%) (0,70%) 
| 

Epidote One = 20,98 lo ye 10,3 7,3 6,6 5,9 
Garnet 10,3 — Haas || On |} 4G BY) 42 pee 
Hornblende 10,6 29°5 "| 48; 5eli32, 4a 2aee 19,9 2123 
Tremolite 1,7; — (esl 1,8 | 0,6 = 0,5 0,7 
Pyroxene 3,9) — 6,6; — ad = 0,7 —_ 
Ilmenite 19,7} — 3,0! — 0,4 — 0,7 =< 
Rutile 4,4) — AT eI ted = 1155 = 
Sphene 2,2!| — 2,0; — 0,2 = — 0,2 
Leucoxene 8,4) — De) || (fs! Bh — 1,6 0,7 
Limonite 7,9) — 6,8 | 26,0 | 39,8 58,5 50,1 49,2 
Staurolite 0,5) — Orca Uror eed 2,0 132 4,4 
Tourmaline tL — ik ee Ar il 53} 9,0 AL <0) 3,1 
Zircon 2,2}; — Ose 1,0 | e0r4 — aac 2,9 
Mica 0,4 oe 0,8 0,2 Ong err 0,4 9,9 
Other minerals — —- — _ = = = 0,4 

Light fraction 
| (99,40%) | (99,70%) (97,80%) | —  (99,30%) 
Quartz 89,0} 99,0. 1.96,5.195,0° 1°97,2.)) 94,0 97,5 95,0 
Felspar ZeOmrauO re iocaleorl ds. Tako’ 1,0 422 Za5 
Mica TAO, Suiieee* Oa Os. .o eed be 4,0 0,9 0,5 
Rock pa == O23. |) Wes | On¢ TRO O50 ZrO 


Note: Comma represents decimal point. 


The facies of lens-like stratified sandy loams 
and clay loams is quite widely distributed in 
the bottomland and on the terraces; these de- 
posits are 7 m-10 mthick. They consist 
of interbedding of whitish-gray light sandy 
loams and dark gray medium sandy loams. 

The layers are thin, horizontally undulating, 
and sometimes discontinuous owing to alter- 
nation of intercalations of different texture. 
Facies of this type are found among the bottom- 
land formations along the banks of the Yugan- 
skaya Ob tributary. The deposits are an inter- 
calation of grayish-yellow slightly micaceous 
sand with gray or brownish-gray sandy loam 
that is moist, plastic, and ferruginous. The 
intercalations of sand, sandy loam, and 

clay loams are 10 cm-20 cm thick and the 

total thickness of deposits of this facies does 
not exceed 2m-2.5 m, 


The riverbed alluvium consists of small 


and fine-grained sands that are well washed 
and graded, slightly micaceous and ferru- 
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ginized, and normally white or yellowish- 
gray in color. Bedding is horizontal or 
cross and the thickness of the deposits above 
the waterline is 5m-7m. The sand grains 
are well rounded and contain grains of dark- 
colored minerals. 


The riverbed alluvium consists of mono- 
dispersive varieties in which the fine-grained 
fraction (0.25 mm-0. 10 mm in diameter) 
predominates and varies between 76% and 92%; 
there are no 2 mm-0.5 mm in diameter sand 
particles, 


In addition to these facies, a varve facies, 
and a secondary reservoir facies are found 
on the surface of the terraces. 


The varve facies has a texture in which inter- 
calations of sand, sandy loam and clay loam 
alternate: this distinguishes it from the lens- 
like-stratified facies. The texture of these 
intercalations is little different from the similar 
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intercalations in the facies of the cryptostrati- 
fied and riverbed alluvium deposits. The sec- 
ondary basin deposits consist of blue -gray fine 
clay loams that are strongly moistened and 
sticky. They occur widely in the inner zone of 
the bottomland and occasionally on the surface 
of the first, second, and third terraces. 


Thus the soil-forming parent materials of 
the districts studied are of diverse lithological 
composition, ranging from medium clay loam 
to fine-grained sands. Clay loams, produced 
by the action of water, which has endowed them 
with distinctive lithological features, are the 
most abundant. 


_The two genetic soil groups established in 
this area of the Ob valley are podzolic and bog. 


There is primary development of podzol for- 
mation beneath coniferous forest in the humid 
temperature summer. This leads to the for- 
mation of typical podzols on loess-like sandy 
and clay loams. The many subgroups, species, 
and varieties of this soil group differ in the 
thickness of the podzolized horizon owing to 
variations in the group of factors in the areas 
where the soils occur, especially in the access 
of light to the taiga, its species composition, 
and the presence or absence of a herbaceous 
vegetation (4). 


Thick podzols are widely distributed on the 
sandy and sandy loam deposits of the first ter- 
race distinguishes it sharply from all the other 
geomorphological elements. The forest here 
is 80% pine, there is no herbaceous vegetation 
beneath the forest canopy, and the podzolized 
horizon is covered by a dense carpet of forest 
litter 7 cm-10 cm thick. There is moss 
(sphagnum) where there have been forest fires 
and in bogs and there are low bilberries and 
mountain cranberries in open places. 


The trees of the second terrace are shade- 
resistant conifers (spruce, cedar, and fir). 
Here the soil-forming parent materials are 
coarse and medium clay loam loess-like de- 
posits that occur naturally under more moist 
conditions. A sparse but uniform layer of 
moss is a typical feature. Podzols of medium 
thickness covered with moss overlain by conif- 
erous litter fall therefore develop here. There 
are occasional shrubs of ledum. Approximately 
20% of the second terrace is bog. 


The greatly dissected topography of the 
watershed plateau is covered by dense spruce- 
cedar taiga with a few firs and larches. 


Since the soil-forming clay loams are con- 
tinually water-saturated, the area is water- 
logged. The soil and the parent material are 
gleyed at a depth of lm-l.5 m. The air in 
these forest is humid, the sun's rays do not 
penetrate and evaporation from the surface of 
the soil is very slight. The accumulation of 
moisture promotes the development of a thick 
carpet of moss which extends down to a depth 
of 30 cm. Thickets of ledum, mountain cran- 
berry, and bilberry protrude above the moss. 


The profile of the thin podzols on the water- 
shed plataeu was found to be deeper than the 
profiles of medium and thick podzols on the 
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terraces, although podzol formation is more 
intensive on the terraces. This thickness of 

the weak podzols may be due to their consider- 
ably greater absolute age. Vegetation, which is 
more luxuriant and varied on the watershed than 
on the terraces, has certainly affected the depth 
of the soil processes. The development of the 
podzolization process is here impeded by gley- 
ing and the clay loam texture of the soil-forming 
parent materials. 


Active development of the podzolization 
process at the surface of the first and second 
terraces is accentuated by the coarse texture 
of the alluvial deposits and by the coniferous- 
birch forest. 


The following genetic horizons can be clearly 
distinguished in the soil varieties of the podzol 
group. 


A, forest liter of needles and twigs; 6 cm-8 
cm on thick podzols, 10 em-12 cm on medium 
podzols and up to 25 em on thin podzols. 


A, a whitish tinge and foliated structure are 
distinct and typical features of all the podzol 
varieties; the horizon is 5 cm-8 cm thick in 
thin podzols, 15 cm-20 cm in medium and 25 
em-45 cm in thick podzols. 


The B, horizon is typically dark cinnamon- 
brown in clay loams and ochreous in sandy 
loams and is considerably compacted. In some 
cases there are no new formations in it, but in 
others ortsands account for the major part of 
the horizon which is 25 cm-32 cm thick. The 
B, horizon is typically lighter in color and 
more moist and it merges graudally with the 
subjacent parent materials. It is 30 cm-40 cm 
thick. The total thickness of the profile of 
these soils is 2.2 m on the watershed and 
1.40 m-1. 50 m on the first terrace. 


Quantitative chemical analyses of these 
podzolized soils (Table 2) shows that there is 
accumulation of silica in the upper horizons and 
transport of sesquioxides to the lower horizons. 


The full similarity between podzol subgroups 
is shown by the slight total content of humus 
(0.17%-0. 47%) in the upper horizons of the 
podzols, its reduction down the profile, and 
the general total content of humus in the meter 
layer. The silica content of the podzolized 
horizon is of the same order (84%-87%; in the 
illuvial horizon it is only reduced by 4%. The 
total content of aluminum varies from horizon 
to horizon: the illuvial horizon contains twice 
as much as the A, horizon. There is little dif- 
ference in the distribution of the iron oxides 
throughout the profile although there is a tend- 
ency for iron to accumulate in the B horizon. 
There is little calcium oxide in the soils 
(0. 29%-0. 98%) and even less of manganese 
oxide (0. 02%-0. 09%) . 


The exchangeable bases were determined by 
extraction with an 0. 02 N solution of HCl and 
subsequent titration with trilon. Hydrolitic 
acidity was determined by Kappen's method 
and the pH values in water and salt extracts by 
the electrometric method. 


It can be seen from Table 2 that these soils 
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have a very low level of saturation owing to vial horizon of podzols, excess moisture, and 
their insignificant content of adsorbed Cams and. the thick carpet of moss. The wide variation 
Mg++. The A, horizon is the least saturated in conditions has produced a great many sub- 
with bases (15%-20%) ; saturation increases groups and varieties of bog soils. Podzolic- 
with depth and reaches 37%,-49% in the C hori- bog soils are the most widely distributed sub- 
zon. The Ca**and Mg* content also increases group followed by peat-gley soils of various 
with depth. Hydrolitic acidity is low within types; peat soils are less widely distributed. 
the profile but decreases uniformly. The reac- The podzolic-bog soils of the watershed areas 
tion of the podzolic soils is very acid, as is have clearly passed through a stage of podzolic 
shown by the pH of salt and water extracts. soil formation in their development. Leaching 
regime was gradually destroyed by subsequent 
Kachinskiy's method (1) was used to study extension and compaction of the illuvial horizon 
the texture of the soils and his classification of the podzols. Water-logging was facilitated 
was applied to them. Both the podzols and the by the excessive wetting of the subsoil. Peat 
bog soils of the district are course and medium and peat-gley soils occupy extensive areas on 
silty clay loam and silty-clay soils. It can be the first and second terraces. The origin of 
seen from Table 3 that at 60% the silt fraction the peat bogs is associated with the growing 
predominates in the composition of the podzols. over of lakes, old riverbeds, and other areas 
The clay fraction is only 3%-6% and the remain- of stagnant water. 
ing 20%-25% is the sand fraction. The position 
is different for bog soils, in which the clay The peat soils of the district are developed 
fraction predominates (40%-50%) . on peat bogs up to 200 cm thick. We can only 


distinguish a single friable and excessively wet 
The mineralogical composition of the podzols brown T horizon. The peat is 25%-35% decom- 


in the district studied is shown in Table 4. It posed. Nothing grows on these soils except a 
was determined from monoliths of the genetic few species of bog pines and mountain cranberry 
soil horizons. Alluvial sands obtained from thickets. The peat-gley soils have two hori- 

the 0.25 mm-0. 05 mm and 0.05 mm-0.01 mm zons: a peat anda gley horizon. The T horizon 
in diameter fractions were separated into a may be as much as 70 cm thick, its cinnamon- 
light and heavy fraction in a heavy liquid, after brown upper part is poorly decomposed peat, 


which the total number of mineral grains and the while the lower dark cinnamon-brown part is 
number of grains of each mineral were separately more completely decomposed. The gley (G) 
determined. horizon is grayish-blue, sticky structureless, 
and water-saturated. 
Bog soils. These soils occupy large extents 
of the watersheds and terraces. The bog type 


of soil formation is the principal type in the Podzolic-bog soil varieties normally have 
taiga belt in the north of the West Siberian Low- three genetic horizons: peat, podzolic, and 
land. This wide distribution of bog soils is gley. They are divided into peat-podzolic- 
produced by heavy afforestation, the clay loam gley (T = 35 cm-60 cm) and peaty-podzolic- 
texture of the soil-forming parent materials, gley (T = 20 cm-35 cm) by the thickness of the 
the great thickness and compaction of the illu- peat horizon. 

Table 4 


Mineralogical composition of podzol fractions of between 0. 25 i 
diameter (profile 49), ¥ : eco = 


of total quantity of fraction with sp. eas es Pals 


Horizon and depth, ecm 


| B, 49—50 | C 110—120 
Mineral fo 
Particle diameter, mm 
0,250.08 | 9,059.01 | 9,25~9,05 | 0,95—0,91 | 0,25~9,05 | 0,05—0,01 
i : \ 
hae 1,5 ; None j| None | None None 
| arnet 1b s6d) | '" ' y) (6) | " 6) 5 
hae 6,5 er rie) Le 3,0 
Tourmaline »'0 - | a 0, ee , 
Hornblend 2 Ms g ! n 
See mul peel g ire ede a0) | MME 
Epidote None None | 1.0 | None 

Apatite i - | None 2,0 
Muscovite 0) 11.5 he | 0 0,5 
Biotite 5 nh ; 2 eee 2,0 None 
Mica 1:5 Bas ’ | ), | 9,0 3400) 
Limonite 9,5 9,5 1,00 @ei0,5 11,0 
Lmenite Le 11,5 14,0) =22,0 5 Met6 OMe Ida, 0 
| Other minerals 2:0 20° te Hy ae | Tee 
: , eeite 13,0 iF 0, 15,0 

Note: Comma represents decimal point, 
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Mention should be made of the general lack 
of alkali earths and alkali elements in the 
parent materials on which podzolic-bog soils 
are developed (Table 2).. 


It is evident from the chemical composition 
of peat-podzolic-gley medium clay loam that 
there is accumulation of silica (82.91%) in the 
podzolic horizon, and considerably less silica 
in the gley horizon (79.14%). The podzolic 
horizon is poor in aluminum and especially 
iron. There is also little iron (Fe,0,) in the 
G horizon but the alumina content (A1,0,) is 
almost doubled. The content of other elements 
(MnO, Ca0, Mg0, p,0,, and S0,) is also slight 
in them (normally tenths and hundredths of a 
percent). Mention should be made of the in- 
creased content of K,0 and Na,0 in these soils 
by comparison with the alkali earth bases (Ca0 
and Mg0). 


The hydrogen ion is greatly predominant 
over calcium and magnesium ions in the ad- 
sorption complex of these soils. The degree of 
base saturation increases in the lower genetic 
horizons. 


The reaction of peat-podzolic-gley soils is 
less acid than that of podzols: pH = 4.6 in the 
podzolic horizon but is almost neutral (5.9) in 
the gley horizon. 


The most important and widely distributed 
soils of the Ob bottomland basin are soddy-gley 
soils, subdivided into: a) soddy thin slightly 
gleyed soils, b) soddy medium thick medium 
gleyed soils, andc) soddy thick strongly gleyed 
soils; there are also soddy (meadow soils, soddy 


thin soils on stratified aluvium, and podzolic soils. 


The bottomland soils have the following 
typical attributes: poorly developed genetic 
horizons, intensive staining of the whole layer 
by iron compounds as brown and ochreous 
patches, veinlets and intercollations, and ubi- 

uitous manifestation of the gleying process 
in varying degrees and at different depths) in 
the parent material and subjacent layer. 


All the low lying areas of the bottomland, 
including the areas of stagnant water in the 
central area, are sod-gley soils which create 
the basic soil pattern of the district. The A, 
horizon of these soils in thin (2 cm-4 cm). 
The A, horizon is 25 cm-35 cm thick, struc- 
tureless and compacted, and contains a mass 
of roots; it is moist, usually stained grayish- 
brown with a bluish tinge. 


In the soddy horizon average content of 
humus is 5%, base saturation is 75%, and pH 
is 6. The texture is medium clay loam and 
the lower part is subject to gleying. 


The gley (G) horizon is brownish-blue, 
sticky, fine clay loam; it does not contain 
humus; the degree of base saturation is ap~ 
proximately 70% and the reaction is slightly 
acid (6.3). The sod-gley soils are 50 cm-60 
cm thick; the genetic horizons are very in- 
distinct; they contain plentiful accumulations 
of manganic compounds. Gleying is usually 
developed in them from the surface down as 
patches and tongues and extends throughout 
the soil layer. Ground waters are to be found 
from a depth of 50 cm-80 cm. 
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__ The profile of thin soddy soils is divided 

into the following horizons by morphological 
structure: A, - 2 cm-3 cm thick, cinnamon- 
brown in color, and A, - 20 cm-25 cm thick, 
grayish-yellow variable color. 


In texture they are usually medium clay 
loam, containing 3%-4% humus and the pH of 
the soil solution is 6.2. The B horizon is 
10 cm-15 cm thick, normally grayish-brown, 
intensely iron stained, and medium clay loam 
in texture. Humus content is less than 1%, the 
pH is 6, and the degree of base saturation 
reaches 80%. The C horizon is a layer of 
grayish-brown bottomland alluvium of variable 
texture (alternation of clay loam and sandy 
loam is noticeable). 


The maximum thickness of thin soddy soils 
is 35 cm-45 cm. Typical features are slight 
sodding from the surface, variable texture, 
friable structure, and intensive ferruginization. 
Ground waters are found from a depth of 0.8 
m-0.9m. These soils are found over a con- 
siderable area of the bottomland on the elevated 
areas around the river. 


The maximum thickness of sod-meadow soils 
is 45 cm-50 cm. Their horizons are: A, - 2.4 
cm (sod); A, - 20-18 cm, gray color with a 
typical granular structure, medium clay loam. 
The B horizon is also approximately 20 cm 
thick, grayish-borwn in color, gleyed, medium 
clay loam. Humus content of the A, horizonin 
these soils is approximately 3.20%, decreasing 
to 0.60% in the B horizon. Mention should be 
made of the average adsorption capacity of 
these soils, which is 15 meg per 100 g, their 
considerable base saturation and the slightly 
acid reaction of the solutions. 


In conclusion it should be noted that the sod- 
meadow soils, which do not require heavy ex- 
penditure for improvement, are the most 
suitable soil varieties for agriculture. 


Received February 18, 1961. 
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GRAY FOREST SOILS OF PROLONGED SEASONAL FREEZING 
WITH A SECOND HUMUS HORIZON 


IN THE KRASNOYARSK KRAY 


L. P. BUDINA, V. V. Dokuchayev Soil Institute, USSR Academy of Sciences 


In the central part of the Krasnoyarsk kray 
a transitional zone between the forest-steppe 
and the taiga, consisting of herbaceous small- 
leaved forests, can be clearly traced to the 
north of the Achinsk, Krasnoyarsk, and Kansk 
island forest-steppes. In the west of the Kray 
it extends as a continuous belt between latitude 
57~ and 58°9N, while in the east it is broken 
by the Yenisey Range and reappears to the north 
of the Kansk forest-steppe. Distinctive soils, 
with a second humus horizon, develop in this 
zone beneath the herbaceous small-leaved 
forests and are also found quite widely outside 
the Krasnoyarsk kray. An almost continuous 
belt can be traced from the Urals to the Yenisey 
north of the 57th parallel and extending approxi- 
mately to latitude 58-60°N. These soils, 
which are widely known in the literature as 
secondary podzolized soils, have been studied 
and described by many workers (2, 4, 7, 6, 14, 
tele tS. Leetes)!. 


There are very few references in the litera- 
ture to these soils within the Krasnoyarsk kray. 
Their distribution is mentioned by Petrov (14), 
who stated that their distinctive features were 
a clearly defined second humus horizon and 
high humus content and assigned them to the 
subgroup of gray forest soils. 


I studied soils with a second humus horizon 
in the center of the herbaceous small-leaved 
zone in the Pirovskoye and Yeniseysk rayons 
on theleft bank of the Yenisey between 57-589 N 
and 91-939. These rayons had not previous- 
ly been the subject of special soil study, except 
for partial large-scale mapping of some kolk- 
hozes in the Feniseyssk rayon by the Krasnoyarsk 
Land Board. 


This territory is a rolling low hill plain in 
the eastern elevated sector of the Western 
Siberian Lowland. Watershed altitudes are 


tThis paper is devoted to the results of soil re- 
search carried out in these districts by the V. V. 
Dokuchayev Soil Institute as part of the Krasnoyarsk 
multi-purpose expedition of the Council for the Study 
of Productive Resources (USSR Academy of Sciences) 
in 1957-1958. The research was under the general 
direction of E.N. Ivanova and the section was headed 
by A. A. Yerokhina. 
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highest (240 m-280 m) in the southeast and 
slope to the west and north-west to altitudes of 
170 m-195 m. The plain is dissected very 
deeply (up to 50 m-90 m) by the Asymmetric 
valleys of the rivers Kem', Tyya, L. Belaya, 
Ket', and others. The topography is dissected 
the most around rivers. 


The ubiquitous soil-forming parent materials 
are Quaternary light brown loess-like clays 
that form a continuous mantle on the water- 
shed areas and on the upper terraces (above 
the third) of the Yenisey, Kem', and other 
rivers. Their features are: a) great thickness 
on the watersheds, where they form a 10 m-25 
m mantle. On the upper terraces (above the 
third) they are between 1 m and 5 m thick; b) 
residual carbonate content. Carbonates are 
usually found at a depth of 120 cm-140 cm 
on the terrace clays, but have been leached to 
a far greater depth (250 cm-500 cm) on the 
watersheds. The carbonates are microcrystal- 
line calcite, 


Climate is sharply continental with a pro- 
longed harsh winter. Mean annual air temper- 
ature is -1.7°C to -2.2°C and mean January 
temperature over a period of years is -20°C 
to -22°C, Precipitation varies from 380 mm 
(Pirovskoye) and 420 mm (Yeniseysk) to 520 
mm (Losinoborskoye), increasing from south 
to northwest. The greater part of the precipi- 
tation occurs in the summer and autumn (June 
— September; 210-226 mm). The summer is 
warm and humid with continuous and sometimes 
torrential rain. Mean July temperature is 
+17.3° C to 17.89 C. Fog is common in the late 
summer and especially the autumn in the broad 
river valleys (Yenisey, Kem', and Ket'). The 
frost-free period is short (80 to 100 days) 
since there are frosts in the late spring (late 
May and early June) and in the early autumn 
(the beginning of September and occasionally 
early August). Snow settles after about the 
10th of October and reaches a depth of 50 cm- 
60 cm in sheltered places and 30 cm-40 cm in 
open areas. Since the snow is relatively thin 
and winter temperatures are low, the soils freeze 
to some depth (120 em-150 cm) and remains 
frozen for a long time (October to June). The 
biochemical and physico-chemical processes 
of these soils and their water and heat regime 
are basically affected by the late thaw and the 
slight heating of the soils. Veredchenko (20, 
21) observed the formation of temporarily 
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perched water above the frozen soil at a depth 
of 80 cm-100 cm in the spring of some years, 
This water disappeared within a week or two 
after total thawing of the frost layer. Below 
80 cm-100 cm and down to 3 m-3. 5 m the pro- 
file of these soils consists of a cold, wet layer, 
the moisture of which is always equal to 90%- 
100% of field water capacity. Cryogenic gley- 
ing processes are produced in the soils by the 
continually wet layer and temporarily perched 
water. 


The basic soils of the rayon are gray forest 
soils of prolonged seasonal freezing with a 
second humus horizon, further divided by the 
degree of podzolization and humus accumula- 
tion into gray and light-gray forest soils. 
These soils form on level, slightly undulatings 
and gently rolling watersheds with deep ground 
waters (below 10 m-15 m) and on the high (3rd 
to 8th) terraces of the Yenisey and its tributar- 
ies beneath a canopy of sparse aspen and birch, 
birch and pine, and birch forests. Pine and 
birch forests often contain a sprinkling of 
larch. The forests beneath which gray forest 
soild develop have an abundant grass stand 
averaging 60 cm-90 cm high and often more 
than 100 cm. The extent of ground cover is 
slight (50%-60%), but the soil cannot be seen 
due to the profusion of the plant mass. There 
is an abundance of forest-meadow motley 
grasses (monkshood, crepis, hellebore, lung- 
wort, paris, and sedge: the gramineous plants 
are represented by cocksfoot, meadow grass, 
and reedgrass). Other meadow-forest 
motley grasses they are found almost every- 
where include birch vetch, peavine, burnet, 
globe flowers, and geranium. 


These gray forest soils have a well-differen- 
tiated profile. Their humus horizon is approx- 
imately 15 cm thick, gray, densely penetrated 
by plant roots, and of fine nutty structure. The 
A, A, horizon is light-gray with whitish flecks 
and of indistinct nutty structure in gray forest 
soils and platy-nutty in light-gray forest soils. 
ae horizon occurs at a depth of 12 cm (US) 

cm, 


The second humus horizon (Ap) is very 
distinctly developed in the profile. It is nor- 
mally gray or dark-gray with a bluish tinge 
and of nutty structure with relatively distinct 
upper and lower boundaries. It occurs at 
depths of between 30 cm (upper boundary) and 
50 cm (lower boundary). This horizon is most 
clearly developed in gray forest slightly and 
medium podzolized soils. It becomes less 
distinct as the degree of podzolization increases, 


There is a distinct bleached By), transitional 
horizon below the second humus Aerizen at 

a depth of 50 cm-60 cm. This horizon is bluish- 
brown with plentiful whitish powdering on the 
nutty faces of the structural units. In the dry 
state the B, horizon is very similar to a pod- 
zolic A, horizon and is only occasionally much 
lighter. Some investigators of these soils 
(especially Il'in | 7|) have therefore treated 
their formation as being due to deep podzoliza- 
tion. This can clearly not be the only reason 
for the formation of the bleached horizon, 
Particle size analysis (Table 2) shows that 
there is little clay removal from Big (6%-10%) 
whereas the clay removal from the A, A, horizon 
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is of considerable magnitude (15%-43%). Micro- 
morphological study also indicates that there 

is very Slight removal from B when it is 
compared with the superjacent ~ horizons, 
especially A, A,. Thus, bleached areas from 
which the clay has been ''washed out"' are rarely 
found in thin sections of Bjo. Most of the pores, 
fissures, and cavities of this horizon are found 
to contain mobile sinter clay, indicative of the 
accumulation of clay. 


Without denying the importance of removal 
processes in the formation of the bleached hori- 
zon, I tend to think that gleying processes, as 
a result of stagnation of the spring perched 
water table above the unthawed and therefore 
practically non-absorbing illuvial horizon, 
is of primary importance. Below there is a 
distinct illuvial (B,) horizon that is brown, of 
prismatic-nutty structure, compacted, with a 
few rust-colored spots in its lower part (from 
a depth of 80 cm-85 cm). Infiltration capacity 
in this horizon is slight. When studying field 
water permeability Budina and Afonskiy found 
that the intake rate of the illuvial horizon in 
gray forest soils was very low (5 mm for a 
day) and that even this value was slightly ex- 
aggerated since trenching revealed that absorp- 
tion of the water column on a watered surface 
was due more to lateral flow along the surface 
of this horizon than to soaking through. 


The BCoe horizon can be traced between a 
depth of 96cm and 130 cm. It is normally 
light-brown, of massive prismatic structure, 
moist, with intensive blue and rust-colored 
patches. Below 130 cm it gives way to a light- 
brown moist parent material with abundant blue 
and rust-colored patches. The intensive gleying 
and high moisture content of the lower part of 
the profile of gray forest soils of prolonged 
seasonal freezing with a second humus horizon 
is due to the prolonged retention at a depth of 
120 cm-150 cm of a frozen layer which con- 
denses and holds moisture. The presence of 
this layer leads to the formation of a highly 
wetted horizon (90%-100% of field water 
capacity) at a depth of 100 cm-350 cm with 
which the processes of seasonal gleying are 
associated, 


Carbonates are usually leached to a depth 
of 250 cm-500 cm and often deeper. They are 
only found at a depth of 120 cm-140 em in 
soils formed on younger surfaces (the terraces 
of the Yenisey and its tributaries). They occur 
as concretions, mealy patches, and saturated 
areas, The depth of effervescence is often the 
same as the depth at which carbonates occur in 
these forms. The fact that carbonate concretions 
often lie above the effervescence line of the 
fine earths indicates that leaching processes 
are taking place. This is also confirmed by 
micro-morphological analysis which shows 
that the carbonates with which the parent ma- 
terial is impregnated, i. e., present in the soil 
outside the concretions, can be seen with a 
microscope as compacted clusters round 
pores. These clusters do not merge gradually 
with the parent material as in carbonate forma- 
tion, but are sharply separated from it, usually 
by fissures and cavities, owing to leaching of 
carbonates by descending flow 


It should also be noted that the parent 
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It should also be noted that the parent ma- 
terial is normally unevenly impregnated with 
carbonates. The three depths at which the 
maximum values are usually observed are 
120 cm-140 cm, 250 cm-350 cm and 400 cm- 
450 cm. These maxima are clearly associated 
with the former levels of hard ground waters. 


I shall describe the profile of one of these 
soils as an example. 


Profile 352 was excavated in the Yeniseysk 
rayon 2 km to the southeast of Shapkino on a 
level watershed in a pine and birch forest with 
aspen undergrowth. The grasses, which were 
high and luxurious, consisted of hair grass, 
forest sedge, fern, cow vetch, geranium, 
monkshood, crepis, hellebore, bear's ear, 
and other motley grasses, Aspen in an open 
area were growing in a shallow depression 
on the level surface of the watershed. Gleying 
occurred from 80 cm as occasional rust- 
colored patches and from 100 cm as intensive 
blue and rust-colored concretions. 


A, Ocm-12cm_ Gray fine clay loam, fine 
nutty structure, slightly 
moist, slightly com- 
pacted, thickly penetrated 
by plant roots. Notice- 


able transition. 


A, A, 12 cm-23 cm Whitish-light-gray fine 
clay loam with indistinct 
nutty structure, almost 
dry, slightly compacted, 
many fewer roots. Transi- 
tion distinct. 


Dark-gray fine clay loam 
with slight whitish powder- 
ing, nutty, damp, slightly 
compacted, few roots. 
Transition distinct. 


Ay, 23 cm-24 cm 


Byg 43 cm-60 cm Bluish-brown fine clay 


loam, similar to clay, 
with intensive whitish pow- 
dering on the nutty facets 
of the structural units, 
damp, compacted with 
few roots. Transition 
distinct. 
B, 60 cm-100 cm Brown clay, very com- 
pacted, prismatic-nutty, 
damp, occasional rust- 
colored patches from a 
depth of 80 cm. Notice- 
able transition. 


BCy 100 cm-130cm _ Light-brown clay, 
massive-prismatic, 
damp, with intensive 
blue and rust-colored 
concretions. 


Cg 130 cm-600 cm Homogeneous light-brown 
clay with intensive blue 
and rust-colored con- 
cretions, moist; moisture 
increases below 2 m and 
the soil becomes plastic. 


The total root content in the gray forest 
soils with second humus horizon of long-season 
of freezing was determined by Kachinskiy's 
method. Samples were taken from each genetic 
horizon in the second half of August 1958. Table 
3 shows the total quantity of roots since it was 
extremely difficult to divide them into living 
and dead roots. It was found that these soils 
contained a large amount of roots (39 to 40 
metric tons/ha inan0 cm-85 ecm layer on vir- 
gin land and up to 24-25 metric tons/ha in 
an 0 cm-55 cm layer on continuously cultivated 
land -- (see Table 1). As would be expected 
the greater part of the roots (70%-80% of the 
total amount) is concentrated in the upper (0 
em-12 cm) humus horizon in which the 
processes of humus formation and accumula- 
tion of organic matter mainly occur. There is 


Table 1 


Total contents of roots and humus (metric tons/ha) in gray forest soils 
of prolonged seasonal freezing with a second humus horizon 


‘4 


Profile No.! Land use Depth, cm Roots | Humus 
| 
352 Virgin land Qa 27 , 28 78,9 
12—23 5,24 Of oe 
23—43 ole 86,7 
43—60 Lots 26,9 
60—85 0,99 20,2 
85—100 Not det'd. BonT 
In all 39,03 ath 
O—12 20,26 TM Re 
ae oni 42—25 1,69 goyd 
| 25—Al 1,13 38,8 
41—55 1,37 20 0 
55—80 Not det'd. 31 8) 
80— 100 25,0 
cE ie ee 


Note: Comma represents decimal point. 
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a marked decrease in root content down the 
profile. Deep penetration of the root system 

is apparently impeded by late thawing inthe _ 
spring and summer and because the temporarily 
perched water table creates conditions unfavor- 
able to the development of root systems (an- 
aerobiosis, gleying, etc. ). In addition, plants 
probably have no need to utilize moisture from 
the deep horizons in view of the normally ade- 
quate moisture of the summer. 


Calculation of top portion of plants in 1x 1 
m squares of forest meadow in the Pirovskoye 
and Yeniseysk rayon pointed to average values 
of 15-20 entr/ha. 


We shall examine the chemical properties of 
the soils being studied. The reaction of the 
soil solution is slightly acid (pH of a water 
extract 5, 1-6. 1; pH of a salt suspension 
4, 0-4. 7) and acidity is highest in the center of 
the profile (pH of a water extract 4. 6-5. 2; 
pH of a salt suspension 3. 6-4,1). In general 
the change in the reaction follows the pattern of 
base unsaturation, which is slight in these 
soils. Table 2 shows that the greater part of 
the adsorption complex is saturated with calcium 
and magnesium, The adsorbed hydrogen content 
(Gedroyts' method) fluctuates within the range 
0. 2 meq-3. 1 meq or 1%-19% of the total of ad- 
sorbed cations, 


Accumulation of exchangeable cations owing 
to the sodding process is to be observed in the 
upper humus horizon (relative to the eluvial 
horizon). There is no accumulation relative 
to the parent material. 


Particle-size analysis reveals that there 
is a strong removal of clay fraction from the 
upper part of the profile (Table 2). Since the 
process occurs from the surface downwards, 
these soild contain little clay in the upper humus 
horizon despite the high humus content of the 
sees this is also the case in typical pod- 
zols, 


Signs of the eluvial process are clearly re- 
vealed by the total chemical analysis. It can 
be seen from Table 3 that there is relative 
accumulation of silica in the upper part of the 
soil profile owing to removal of sesquioxides, 
which apparently accumulates in the center of 
the profile. 


By comparison with the chemical composi- 
tion of the soil as a whole that of the colloidal 
clay is subject to very slight change through- 
out the profile (Table 3). Certain alterations 
to the chemical composition of the colloidal 
clay fraction in the upper part of the profile 
can be treated as an indication of accumulation 
of silica in the ash of herbaceous plants and 
trees rather than as decomposition of the 
clay and differential removal of the de- 
composition products. This accumulation 
widens the SiO,:R,O, ratio, 


Micro-morphological studies reveal a fine- 
ly dispersed highly polarized mobile clay in 
the form of incrustations in pores, fissures 
and other soil cavities. The upper part of 
the profile in horizons A, and A, A, normally 
contains a large amount of incrustation clay. 
Leaching patches bleached and devoid of 
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Table 4 


prolonged seasonal freezing with a second humus horizon 


(profile 352) (analysis by Tyurin'’s method) 


Group and fractional chemical composition of the humus of gray forest soil of 


Humic acid 
Fractions 
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clay predominate in these horizons. A con- 
siderable amount of mobile clay begins to 
reappear in the second humus horizon in which 
leached areas are far less plentiful. Clay was 
found to be highest in content in the upper part 
of the B, horizon (from particle-size analysis). 


In view of the presence of mobile clay in- 
crustations of slightly acid reaction and with 
a quite high level of base saturation (81%- 
99%) in these soils and in view of the relative 
constancy of the total chemical composition of 
the clay fraction through the profile, it can 
be assumed that the differences revealed by 
particle-size and total chemical analyses are 
not due to the decomposition of the clay, as 
was previously thought, but to illimerization. 
That these processes were possible in forest 
soils was first indicated in the Soviet litera- 
ture by Glinka (5) and Fridland (3). Kund- 
ler (10) discovered illimerization processes 
in the sod-podzolic soils of the Moscow 
Basin and in the gray forest soils of the Tula 
forest reserves, 


Chemical analysis revealed a high humus 
content in the upper horizon (up to 6% to 7%) 
in the gray forest soils being studied (Table 2). 
The decrease in humus content down the pro- 
file is quite gradual. In the light-gray forest 
soils the decrease is Somewhat more abrupt, 
but humus is found at a considerable depth in 
both soils. It was found from analysis of the 
group, and fractional chemical composition of 
the humus of these soils (by Tyurin's method), 
that large amounts of the humus in the upper 
horizons can be extracted by direct treatment 
of the soil with an 0. 1 N NaOH (Table 4). Thus, 
more than 50% of the total content of humus 
acids consists of the first fraction, namely 
humic acids of relatively simplified struc- 
ture occurring in the free state of linked to 
free sesquioxides. There is considerably 
less (30%) of the second humic acid fraction 
extracted from the soil after decalcification 
and consisting of forms bonded with Ca and 
Mg. The first fraction is also dominant in 
the fulvic acids. It is apparent that this nature 
to the fractional composition of the humus is 
due to the special hydrothermal conditions of 
humus formation in the region, It has been 
shown (9) that the accumulation of complex 
forms of humus is most favored by the rhythmic 
alternation of a period of moistening that pro- 
motes active micro-biological activity followed 
by a period of moisture deficit in which activity 
is depressed. New formation of humus substan- 
ces takes place in the first period and these 
substances become more complex and react with 
the mineral part of the soil in the second period. 
Slowing down of the further development of new 
humic matter is probably the reason for the 
predominance of free and relatively simplified 
humic acids in these soils. 


The extent of the humus profile and the 
slow decrease in humus content through the 
profile in gray forest soils with a prolonged 
season of freezing by comparison with the 
gray forest soils of adjacent districts of the 
Krasnoyarsk kray (17) are due to the presence 
of a second humus horizon in the profile of 
these soils. This is normally not revealed 
when determining humus. Thus, it was only 
possible to detect 0. 8% more humus in horizon 
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A than in horizons A, A, in 1 out of 15 profiles 
analyzed, although the color of the second 
humus horizon was usually much more intense 
than that of A, A, and even of the upper humus 
horizon. 


There are two explanations in the literature 
for the incompatability between the intensity of 
coloration of the soil and its percentage content 
of humus. The first suggests that the fault lies 
in the methods of determining humus, in which 
the amount of carbon is multiplied by the same 
standard coefficient for all soils (7); the second 
suggests that there is a difference in the types 
of humus compounds in the upper and lower 
horizons (18, 1). 


Our studies of humus composition in the 
upper and second humus horizons confirm the 
latter hypothesis. It is evident from Table 4 
that although the total content of fulvic 
acids is significant in the humus of the upper 
horizon, humic acids of fraction I predominate. 
There is far less of fraction II of the humic acids 
(Table 4). Humic acids also predominate over 
fulvic acids in the humus of the second humus 
horizon, but the relative content of the former 
is greatly increased. Whereas the ratio of 
humic acids to fulvic acids in the upper humus 
horizon is 1:1, it is 3:3 in the second humus 
horizon. Moreover, the content of fraction II 
of the humic acids bonded with Ca and Mg is 
considerably increased in this horizon. 


There are two concepts on the origin of the 
second humus horizon. The first concept 
asserts that it is a relict of a steppe or meadow- 
steppe process of soil formation (2, 4, 6, 7, 13, 
12, 8,1, etc). The second concept treats the 
formation of the second humus horizon as 
being the result of a recent process of the 
inwashing of organic matter (11). Although 
we were not especially concerned with the 
origin of the second humus horizon, we have 
found in field and laboratory research that the 
depth at which this horizon occurs is relatively 
constant throughout its distribution (in all 
elements of the relief), except in depressions 
where it is a little lower, and that is always 
has sharp upper and lower boundaries and 
differs fundamentally in composition from the 
humus of the upper horizon. 


On the basis of the above-mentioned facts, 
we assume that the second humus horizon is 
a relict of a type of soil formation differing 
from the recent type. This is supported by 
paleogeographic data (16, 15) which indicate 
that the soils of this territory have undergone 
a bog-steppe stage in the post-glacial period. 
Thick dark (bog, meadow-boggy, and meadow- 
steppe) soils developed at this time. With the 
commencement of a warmer and more humid 
period the upper part of the humus horizon was 
degraded by the forest vegetation that replaced 
the bog-steppe vegetation. 


Conclusions 


1. Gray forest soils of prolonged seasonal 
freezing with a second humus horizon are 
formed in a sharply continental climate — 
prolonged severe winter and short frost-free 
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period. 


2. The soils are frozen to some depth and 
for a long period by the low winter tempera- 
ture. This has a basic effect on their water 


and heat regime in the formation of temporarily 


perched water above the frozen layer and in 
the existence of a cold, continually wet horizon 


constantly at 90%-100% of field water capacity in 


which conditions favor the development of gley- 
ing processes. Cryogenic gleying processes 
are so widely developed that it seems legiti- 
mate to suggest that one should distinguish 


a province of soils of prolonged seasonal freez- 


ing. 


3. After consideration of the chemical proper- 
ties of the soils (slight acidity, fairly high level 


of base saturation, and relatively constant 
total chemical composition of the clay frac- 
tion throughout the profile) and of micro- 
morphological research (the existence of clay 
incrustations in the soils), we would most 
tenatively suggest that differentiation of the 
profile is due to the process of illimerization 
rather than to decomposition of the clay. 


4, Existing information (visual observations, 


group and fractional composition of the humus, 


and paleogeozgraphic data) prompts the conclusion 


that the second humus horizon is a relict of the 
thick humus soils of a previous and different 
type of soil formation. 


Received September 24, 1969 
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MOISTURE REGIME OF A GRAY FOREST SOIL SOWN 
TO CORN AND WINTER RYE IN YEARS 


OF WET AND DROUGHT 


R. K. DAUTOV, Institute of Biology, Kazan!' Filial, 


Soil moisture is a basic factor in soil fer- 
tility. Although many works have been devoted 
to the moisture regime of various soils, 
further detailed study is required. The mois- 
ture regime of the soil varies in relation to 
the genetic features of the soil, the nature of the 
vegetation, climatic conditions, farming prac- 
tices and particular cultivated crops. 


Most of the work on the moisture regime of 
soil has been carried out in districts of drought, 
where the problem of supplying crops with the 
optimum amount of moisture is of particular 
importance. This problem is also a serious 
one for agriculture in the Volga-Kama forest- 
steppe where the climate is highly variable (13). 
Nevertheless, very little work on the moisture 
regime of soils in this region has been published. 


The present paper is devoted to the results of 
a two-year study of the moisture of a gray 
forest soil sown to corn and winter rye on the 
"Druzhba" kolkhoz in the Vysokogorsk rayon 
of the Tatar ASSR. The area of the observa- 
tions was on a high watershed plateau. The 
ground water was at a depth of more than 10 m. 


I have already described the agrochemical and 
water-physical properties of the soil of this ex- 
perimental plot in detail in another paper (4) 
and shall therefore restrict myself to a brief 
account of data for those properties that are 
essential to the present paper. Some of the 
moisture properties of the soil are given in 
Table 1. 


In texture the soil is clayey-silty fine clay 
loam, loam, giving way below to coarse clay. 
Since the ground waters are deep, the main 
sources of moisture in the soil are its spring 
moisture content and the precipitation during 
the growing season. Precipitation values are 
given in Table 2. 


It can be seen from Table 2 that there were 
quite widely differing amounts of precipita- 
tion in the growing season in 1956 and 1957. 
The former was a year of heavy rainfall. 
especially in July and August, while the 
latter was quite dry, except in August. 


Soil samples for field moisture determina- 
tion were taken in layers 10 cm thick as fol- 
lows: 
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Ocm— 20cm 
20cm— 60cm 
60 cm—200 cm 


8—10 samples 
5—6 samples 
4 samples 


The field moisture of the soil down to a depth 
of 1 m was determined every ten days through- 
out the growing season. At some periods, 
soil samples were taken down to a depth of 2 
m. During this work we tried to find how the 
moisture requirements of corn were satis- 
fied when it was being grown on gray forest 
soil. + To this end, and in the light of the 
capacity of corn to concentrate a large part of 
the precipitation around root collar of the plants 
(7), the soil samples for field moisture deter- 
mination were taken from the region in which 
roots are most plentiful — 10 cm from the plants. 
At certain periods, soil moisture was deter- 
mined both around the plants and between the 
rows (Table 3). 


Table 3 shows that, in addition to the concen- 
tration of precipitation around the root collar of 
the plants, there is intensified consumption of 
moisture from a small volume of soil in the 
hill that contains the greater part of the root mass. 
During a dry spell there is, therefore, con- 
siderably less moisture in the hills than be- 
tween the rows. This difference is stabilized 
after rain. 


Consequently, moisture is unevenly distributed 
in the corn field, but this unevenness is only 
found in the upper soillayers (0cm-30cm). This 
is because the greater part of the root mass, 
as revealed by a study of corn roots in the 
soil of an experiment plot, is contained in the 
0 cm-30 cm soil layers. 2 In the deeper soil 
layers there was no difference insofar as the 
moisture content of corn hills and between the 
rows was concerned, due to a sharp reduction 
in the water used by the plant roots and due to 
the horizontal movement of the water. 


In view of the above, it was thought possible 
to extend the results obtained from moisture 
determination in the soil of the corn square-hills 


‘Square-hill planting — 70 x 70 cm between hills, 


Distribution of corn roots in the soil was studied 
by F.D, Samuilov. 


R.K. DAUTOV 


Table 1 
Some soil and hydrological constants of gray forest 
soil, mm 
Thickness] Wilting | Moisture of |Field moist, 
of layer, moisture |brokencapil4 capacit 
cm (WM) laries (MBC FMC 
0—20 2652 93,9 76,9 
20—50 50,8 75,0 9557 
50—100 104,8 142,00 180,4 


Note: Comma represents decimal point. 


the 1956 and 1957 growing seasons (in milli- 
meters of a water column) are summarized in 
Table 4 and in Figure 1. 


Examination of Table 4 and of curves A and 
B of Figure 1 indicates that the moisture con- 
tent of the soil is dependent both on the amount 
of precipitation and on the type of cultivated 
crops being grown, and that this relationship 
can be observed down to a depth of 2 m. 


The greatest change in soil moisture content 
in the two years was naturally observed in the 
plowed layer (0 cm-20 cm). In 1956, which 


Table 2 


Precipitation (mm) in the growing seasons of 1956 and 1957 


34.4 | 37,7 | None 


31,9 


otal for month 
Same, ay. of per. yrs. 


40,3 


47,0 | 
o1,0 


33,0 


the experiment plot. 


Note: Comma represents decimal point. 


None 


18,2 


18,2 | 41,8 
33,0 | 51,0 


*The amount of precipitation between June and September was measured with rain gauges on 


The values for May and the monthly averages over a number of years 
were supplied by the nearby Meteorological Station 


at Arsk. 


Table 3 


Moisture of gray forest soil in corn hills and between the rows, mm 


ater Sample taken Thickness of layer,cm 
determination from 030 | 30—60 Remark 
July 24, 1957 Hill Hoes 93,3 Determined after a prolonged dry 
Between rows 68,6 95,9 spell (there was hardly any pre- 
cipitation in July) 
August 23, 1957 Hill 91,1 99,3 Determined after plentiful rainfall 
Between rows 91:3 99,2 (76.4 mm between August 4 and 20) 
August 31, 1957 } Hill 71,1 96,3 There were 15, 0 mm between 
Between rows 76,8 97,3 August 23 and 31 (31.7 mm on 
August 27 and 1.3 mm on 
August 28) 
Note: Comma represents decimal point, 
to the corn field as a whole, with the Single 


qualification that moisture content in the 0 cm- 
30 cm soil layers will be somewhat greater be- 
tween the rows during a dry spell than is 
indicated by the values given here, 


The values for fie] 


d moisture of a Get 
forest soil under cor ae 


n and winter rye during 
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Was a wet year, there was considerable divergence 
between alteration in moisture content inthe 20 em- 
59 cm, 50 em-100 cm, and 100 cm-200 em soil 
layers beneath ease and winter rye (Table 4), 

In the corn fieldsthe alteration in moisture con- 
tent in the 20 cm-59 cm and 50 cm-100 cm layers 
was similar throughout the growing season to its 
alteration in the plowed layer, but in the winter 


CORN AND WINTER RYE 
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Fig. 1. = Change in the moisture content of gray forest soil. A - 
corn and winter rye fields in the wet year of 1956. B - corn and 
winter rye fields in the dry year of 1957. 
|] - corn; 2 - winter rye; a- for the 0 cm-20 cm layer, b - for 


WM 


the 20 cm-50 cm layer. The vertical lines show the amount of pre-~ 
cipitation (mm), and the horizontal lines show the soil and hydro- 
logical constants (mm) for the various soil layers. A - avai labil- 


ity (EA - easily available, MA - moderately available, SA - slightly 
available); FMC - field moisture capacity; MBC - moisture of 
broken capillaries; WM - wilting moisture. 


rye fields (from May 19 through July 11), there 
was a continuous reduction in moisture con- 
tent. Consequently, all the precipitation that 


fell in this period failed to penetrate to the entirely accounted for by the great loss of mois- 


deep layers (below 20 cm) in the rye field ture reserves from the soil in the winter rye 
and was expended in plant transpiration field. 


and in surface evaporation from the soil. 
When depletion of the reserve moisture in the 
meter layer on May 19, is added to this, 

the total loss of moisture from this soil 


(82. 9 mm of precipitation + 21.0 mm loss of 
soil moisture reserves), i.e., 52.1 mm less 
than in the case of rye. This difference is 


A great difference was observed between 
corn and winter rye in the depth to which pre- 


cipitation penetrated into the soil. Soil mois- 
layer in the rye field is 156.0 mm between ture determinations down to a depth of 2 m on 
May 19 and July 11 (82.9 mm of precipita- May 30, July 31, and September 13, 1956, 
Hee + ine 1 mm loss of reserve moisture from (Table 4) show that there was an increase of 
e soil). 


34,4 mm in the moisture contents of the 100 
cm-200 cm layer of the corn field between 
Moisture losses from the same layer over 


LOSS€ : May 30 and July 31, and a decrease of 2.7 mm 
the same period in the corn field were 103.9mm i.e., practically no alteration, in the rye field. 
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In the following period (July 31 to September 
13), there were increases of similar magnitude 
(20.6 mm and 25.7 mm) in the corn and winter 
rye fields. The moisture reserves in this soil 
layer were 56. 1 mm greater in the corn field 
than in the winter rye field on September 13. 


Owing to the abundant precipitation from July 
onwards, there was no difference in moisture con- 
tent inthe 20 cm-59 cm and 50 cm-100 em soil 
layers between the two fields in August and Septem- 
ber, since the moisture of these layers was very 
closetofield moisture capacity. The slightly 
higher moisture content of the 0 cm-20 cm soil 
layer inthe cornfield at this time is due, as men- 
tionedpreviously, tothe capacity of corn plants to 
concentrate precipitation in the root collar, as- 
sisted by the large leaf area of the plants at the 
time. 


On turning to the corresponding values for the 
dry year of 1957 (Table 4), wenotice certain fea- 
tures incommonwith1956; 1) considerably higher 
moisture content in all soil layers in the corn field 
than inthe rye field until August and 2) consider- 
ably more intensive moisture loss in the first half 
of the summer from the soil inthe rye field than 
from the soilinthe cornfield. 


During this year there was continuous reduc- 
tion in the moisture content of the soilinthe rye 
fieldfrom May 3toJuly 30 inthe 0 cm-20cm layer 
andto July 10 inthe 20 cm-50 cm and 50 cm-100cm 
layers. Withallowance for precipitation, total 
moisture loss from the soilinthe rye field during 
this time was: 109.8 mm forthe 0 cm-20 cm layer; 
44,8 mm forthe 20 cm-50 cm layer; and 31.1 mm 
for the 50 cm-100 cm layer. The corresponding 
values for the corn field were 95.7 mm, 8.1 
mm, and 2.8 mm for the three layers, 


It should be noted that no replenishment of 


the moisture of the deep layers (20 cm-50 cm 
and 50 cm-100 cm) by precipitation was ob- 
served between the beginning of May and the 

end of July of 1957. The entire precipitation 
was therefore applied to the plowed layer (0 cm- 
20 cm) in the calculations above. This was 
made for corn and winter rye. 


These data show that there can be consider- 
able differences to the total moisture loss from 
the soil beneath corn and winter rye at different 
growth periods. The meteorological conditions 
in the growing season have a considerable 
effect. This is confirmed by the values in 
Table 5, 


It can be seen from Table 5 that the mois- 
ture loss from the soil during the period under 
consideration is considerably greater in land 
sown to winter rye than in land sown to corn 
in both a dry and a wet year. The values for 
1956 show that moisture loss from the 50 cm- 

100 cm layer was almost the same for both 
crops. In the 0 cm-50 cm layer, on the other 
hand, the loss from the winter rye field was almost 
one-and-a-half times the loss from the corn field. 
The picture was quite different in the dry year 

of 1957, when moisture loss from the 0 cm- 

50 cm layer was slightly greater in the corn 

field than in the rye field. Moisture losses 

from the 50 cm-100 cm layer were more than 
five times greater in the winter rye field than 

in the corn field. 


There are the following reasons for the 
differences already noted in the moisture 
regime of soils sown to corn and winter rye in 
the two years 1956 and 1957: 


1) the different amount of moisture required 
by the plants at different stages in the growth 


Table 5 


Total loss of moisture (mm) from the soil between May 30 and July 30 in the wet year 
of 1956 and the dry year of 1957 


‘ Total mois- 
Thickness Of} +6 content 
layer, cm on May 30 
1956 
pees 0—50 143,4 
50—100 157,4 
0—100 300 ,8 
Winter rye OF) hee 
in NA 50— 100 167 ,0 
0—100 297,95 
1957 
Q—50 138,4 
Corn 50—100 Lies 
0—100 310.3 
Winter rye 50-—100 164, 1 
O0—100 21154 


Precipitation} Residual Total output of 
between Mayjmoist. content; moist. between 
31 and July 30!on July 30 ay 30 - July 30 


116,7 179,7 

41,2 177,1 

157,98 356,8 

169,9 170,9 29, 
224 165,5 2 

192,: 336, 4 153, 
45,2 110,9 “l 
eS {67,9 

45,2 278,8 7 
45,2 84,3 6 
a 142,5 2 
45,2 226,8 8 


a ipitati field between May 31 and July 39, only the 
tal precipitation to fall on the corn fi é y 3 j onl} 
ge deta: ceveteater into the 100 cm-200 cm soil layer is taken into consideration (see 


Table 4). 


Note: Comma represents decimal point, 
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of corn and winter rye. Winter rye makes its 
greatest demands on soil moisture in May and 
June, while corn makes its greatest demands 

in July and August. Loss of moisture from the 
meter layer of soil is therefore greater beneath 
winter rye than beneath corn at the beginning 

of the summer. 


2) the different state of the surface of the 
soil with these crops. When the surface is 
friable, precipitation is better able to pene- 
trate to the deep layers of the soil profile, 
and this reduces evaporation losses. Careful 
tilling between the corn rows kept the soil in a 
friable state until the end of July. Moisture 
losses from surface evaporation were therefore 
less from the corn field than from the compacted 
surface of the rye field, and precipitation wetted 
the soil to a considerably greater depth in the 
corn field. 


The uptake of soil moisture by plants is de- 
termined by its availability (5,6,8). To deter- 
mine the effect of weather conditions and the 
nature of the cultivated crops on the condition 
of the soil moisture and its availability to plants, 
we shall compare Rode's categories of soil 
moisture (8) with the moisture content of the 
separate layers in 1956 and 1957, 


The curves in A of Figure 1 show that from 
the end of May until July 11, 1956, the mois- 
ture in the plowed layer (0 cm-20 cm) beneath 
winter rye was only available to the plants with 
difficulty (SA). The same condition was only 
observed in this layer in the corn field in the 
last ten days of June. From the middle of July 
until the corn was harvested on September 9, 
the availability of the soil moisture to the 
plants was high. 


In the dry year of 1957 (B, Fig. 1), mois- 
ture was only available with difficulty to both 
corn and winter rye in the plowed layer (0 cm- 
20 cm) from May 10 through August 10. The 
roots of the winter rye in this layer were in 
a worse condition for moisture supply than 
the corn roots, since the moisture content 
in the soil of the rye field decreased practi- 
cally to the permanent wilting moisture 
level (WM) while it remained within the 
range of moderate availability (MA) in the 
corn field. 


Moisture content in the 20 cm-59 em soil 
layer in the wet year of 1956 varied between 
moderate and easy availability (EA) for the 
plants; it decreased continually for the winter 
rye from May 19 to July 11 and was only 
available with difficulty towards the end of 
this period, In the dry year of 1957 the mois- 
ture content of this soil layer was in the 
available-with-difficulty range from the end 
of May until the rye was harvested, and in 
the moderately available range for corn 
throughout the whole growing season. 


In both years the moisture content in the 
59 cm-100 cm soil layer was in the range of 
moderate availability in the corn field and 
lowered to available-with-difficulty in the 
rye field, It should be noted that the mois- 
ture content of this layer was almost un- 
altered for a long time in the rye field in 1956 
and for both crops in 1957. It was consider- 
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ably less than field moisture capacity in both 
years, especially for the rye field, 


In explaining this, we should remember that 
soil moisture was in a suspended state in the 
plot used for the observations and moved mainly 
as liquid water. After the moisture content in 
the soil has reached a certain level, its move- 
ments through the profile in the liquid state is 
halted (1,2). At this point the moisture of 
broken capillaries (1), which is approximately 
70% of field moisture capacity for clay loams 
(8). 


The fact that the moisture content of the 50 
cm-100 cm layer remained practically constant 
for a longtime, as mentioned previously, may 
have been due largely to correspondence to this 
value either of field moisture capacity or of the 
moisture of broken capillaries. However, our 
information shows that there can be other rea- 
sons. It can be seen from Table 1 that field 
moisture capacity for the 50 cm-100 cm 
layer is 180.4 mm and that the moisture of 
broken capillaries is 142.0 mm. In the dry 
year of 1957, water content in the 50 cm-100 
cm layer in the corn field varied between 168 
mm and 171 mm between May 20 and July 30. 

It could, therefore, seem quite probable that 
the constant moisture in the 50 cm-100 cm 
layer was due to its relationship to field mois- 
ture capacity, since the two values are close. 
This would be incorrect. In view of the great 
dryness of the summer of 1957, one would have 
expected migration of liquid water from the 
lower to the upper soil layers. This process, 
which was not, in fact, observed, should have 
continued until the moisture content of the 
lower layers fell to MBC. 


Owing to the high temperature and very 
slight precipitation in 1957, the upper layer 
(0 cm-20 cm) of the soil dried out rapidly, 
and its moisture content for the considerable 
period when the moisture content of the 50 cm- 
100 cm layer was constant was at or below MBC. 


It can be concluded, therefore, that migration 
of moisture from the lower layers of the soil 
to the upper layers as liquid will cease when 
the moisture of the upper layer has fallen to 
MBC under certain weather and soil conditions. 
An amount of water considerably in excess of 
MBC will be retained in the lower layers. The 
more intensively the upper soil layer dries out, 
the more the moisture that will remain in the 
lower layers. This is confirmed by the fact 
that the moisture content of the 50 cm-100 cm 
layer was higher in the dry year of 1957 than 
in the wet year of 1956 in the corn field before 
the end of July. 


Even after the moisture in the upper layer 
(0 em-20 cm) has reached MBC, the amount 
of moisture in the lower layers (50 cm-100 cm) 
may be reduced, This was found in the soil of 
the rye field in both years. The reduction in 
moisture was due to its uptake by the plant roots 
in the 50 cm-100 cm layer, and not to movement 
as liquid into the upper layers. 


The values in Table 4 and the curves A and B 
of Figures indicate that the reduction in the 
moisture content in the 50 cm-100 cm layer in 
the rye field from assimilation by plant roots 


CORN AND WINTER RYE 


proceeds no further than an absolute identi- 
cal limit for both years, It may be concluded, 
therefore, that below this level the moisture 
in the soil is unavailable to the plants, although 
it is greatly above the wilting moisture. This 
moisture is unavailable to the plants for the 
following reasons: 1) when soil moisture falls 
to the given level there is a great reduction in 
its availability because its content in the soil 
is then at MBC (142.0 mm) for the given 
layer; 2) there is little invasion of this soil 
layer by hair roots owing to the fine texture 

of the soil. 


Constant moisture in the 50 cm-100 cm 
layer is established more rapidly in the corn 
field in a dry year than in the rye field and re- 
mains at a higher level. It may therefore be 
concluded that the moisture in this layer is un- 
available to the corn in a dry year, since the 
greater part of its roots, as already mentioned, 
are in the upper layers (0 cm-30 cm). The 
corn therefore suffered greatly from lack of 
moisture in 1957 and the green mass yield 
was only 119, 8 cntr/ha as against 527 cntr/ha 
in the wet year of 1956, whereas the ne yield 
was 8.2 and 8.0 cntr/ha respectively. 


Conclusions 


1. The moisture content of a gray forest soil 
is greatly affected by the nature of the culti- 
vated crop as well as by the amount of precipi- 
tation. 


2. Migration of liquid water from the lower 
layers to the upper layers of the soil is a typi- 
cal feature of fine-textured gray forest soils 
inadry year. This makes it difficult for the 
plants to utilize the moisture in the deep soil 
layers. 


3. Spring and summer precipitation does not 
normally penetrate to the deep soil layers (be- 
low 20 cm) in winter rye fields and is expended 


in plant transpiration and in surface evaporation. 


The amount of atmospheric precipitation to 
penetrate the deep soil layers in a wet year 


“I.G. Abyzov and V.G. Minibayev assisted with 
the records of field moisture capacity. 
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is considerably greater in corn fields than in 
winter rye fields. 


4, Soil sown to corn makes more effective 
and economic use of the moisture of spring 
and summer precipitation than does soil sown 
to winter rye. 


d. In dry years corn roots draw moisture 
only from the upper half meter layer of a gray 
forest soil. 


Received March 10, 1961 
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CARBONATE SALINIZATION (CaCO3 AND MgCO3) AND ITS 
DISTRIBUTION IN THE SOILS OF THE ZERAVSHAN VALLEY 


P. UZAKOV, V.V. Kuybyshev Agricultural Institute, Samarkand 


It has been established in the last few years 
that extensive areas of the hydromorphic soils 
in the middle reaches of the Zeravshan valley 
have undergone carbonate salinization. New 
carbonate formations are clearly apparent at 
various depths (between 0.3 m and 1.5 m) as 
whitish horizons, microconcretions, large 
concretions, and hardpans known as "'shokhi"’. 


Shortly after Kuguchkov first described the 
carbonate type of salt accumulations (10, 11) 
he discovered magnesium carbonate saliniza- 
tion in the Zeravshan valley. The accumulation 
of carbonates has also been described by 
Kovda (8). 


It has emerged from determination of the 
composition of soil carbonates by acetic acid 
that calcium and magnesium salts are largely 
differentiated in the soil profile during salt 
accumulation: large amounts of calcium salts 
accumulate in the lower layers, and magnesium 
salts accumulate in the surface layers in 
large amounts (Table 1). 


Kuguchkoy (12) and Saidov (16) have es- 
tablished that an increased amount of magnes- 
ium carbonate in the soil has a distinctly toxic 
effect on cotton and greatly reduces its yield 
(5-7 cntr/ha). 


Nevertheless, many investigators and practi- 
cal workers still believe that even a high con- 
tent of calcium and magnesium carbonates in 
the soil has no harmful effect on crops. Ye- 
gorov (19), for example, suggests that the 
quality and quantity of the cotton harvest are 
not normally affected. Many others consider 
that the carbonate salts of bivalent metals are 
not harmful to plants in meadow-bog carbon- 
ate solonchaks. Kovda (8) indicates that the 
greater part of the magnesium carbonate 
comes out of solution with calcium carbonate 
in the lower soil horizons and forms dolomite 
which has no toxic effect on plants, since it 
is only slightly water-soluble, 


? 


Feofarova (5) has established that calcium 
carbonates are present as coarse-grained 
pelitomorphic and powdery calcite in the con- 
cretions and hardpans of the meadow and 
meadow-bog soils of the Zeravshan valley; 


powdery calcite cements the soil mass and makes 


it extremely hard, Little dolomite (0, 13%) was 
found in these new formations, 
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Kuguchkov's experiments (12) established 
that the solubility of calcium carbonate is ad-_ 
versely affected by an increase in the magnesium 
carbonate content in the solid phase of siero- 
zem soils. 
in the carbonate salinization and desalinization 
of these soils. 


Later research by Agisheva (1) and myself 
has not confirmed the theory that dolomite is 
formed during carbonate salinization. Analytical 
data demonstrate that considerably more mag- 
nesium carbonate always passes into solution 
in carbonate water extracts of salinized soils. 


The presence of magnesium carbonate was 
established by Kuguchkov (14) by leachings 
salinized soils in glass tubes. Since the forms 
of the magnesium and calcium carbonates are of 
great importance for soil fertility, I determined 
them by thermal and mineralogical analysis. 


Calcite is dissociated according to equation 
CaCO, = CaO + CO, at temperatures of between 
800° C and 1029°C (Curve a of Fig. 1). 


Dolomite is dissociated in two stages. The 
first endothermic effect is observed, accord- 
ing to L.G, Berg, at a temperature of 730°C 
and is due to decomposition of the two carbon- 
ates into CaCO, and MgCO, accompanied by 
gradual dissociation of the MgCo,. The second 
effect — at a temperature of 900°C — is con- 
nected with the dissociation of calcium carbon- 
ate (Curve b of Fig. 1). 


Magnesite is dissociated considerably 
earlier than calcite according to equation 
MgCO, = MgO + CO,. The temperature 
range for magnesite dissociation is between 
570° C and 600°C. The presence of magnesite 
and not dolomite in the soil is indicated by the 
fact that when samples of meadow and meadow- 
bog soils with a high magnesium carbonate con- 
tent are subjected to thermal analysis, dissocia- 
tion occurs at 570°C (Curve c of 1S) We 


After removal of the calcite and magnesite by 
treatment with 20% HCL at a low temperature 
(so that the dolomite would not dissolve) by 
Belyankin's method (5), the same soil samples 
were subjected to thermal analysis in the 


soil mineralogy laboratory at the V. V. Dokuchayev 


Soil Institute. On the resultant thermogram 
(Curve d of Fig. 1), there is a low endothermic 


This feature is of extreme importance 


CARBONATE SALINIZATION 


Table 1 


Composition of soil carbonates in meadow soil of the "Moskva" kolkhoz, 
Dzhambai rayon. Profile 3 


Tota] | AS a % of the 


Depth, cm Catt caco, | Mgtt MgCO, So total meq 


MEeCOs! Caco, [Meco, 


0—18 5,0 |12,49/3,17 | 41,10] 23,59] 48,6 | 54,4 


— (OOOO OO | 


18—38 7,9 119,73] 7,62 | 26,42] 46,15| 38,5 | 64,5 
94 | 394 627,0) 627 | 10214 

28,72] 8,09 | 28.05156,77| 46,3 | 53,7 
574 1665,0} 665 | 1239 


60—90 25,5 | 63,68] 3,78}13,10176,78} 80,3 | 19,7 
(shokn) § OT eh 27 2a 3 14a 3410 a 583 


OOnand belaa 30,6 76,41} 2,16 | 7,49 | 83,9 | 89,0 | 11,0 
POZA EAS 27 Oh 770d TT 7 et 04 


a Te percentages in the numerator and in meq per 100 g of air-dry 
soil in the denominator. 
Note: Comma represents decimal point. 


a reaction (140°C) associated with the elimina- 
tion of adsorbed water and an exothermic 
610 effect (between 300° C and 600°C) from com- 
830 
730 
900 
290 
570 
600 
U0 


bustion of organic matter. The loss of weight 
b is 50 mg. There is no loss of weight above 
600° C; the endothermic effect at 780° C is 
therefore associated with lattice reconstruction 
of a clay mineral, and the exothermic effect at 
800° C is associated with the formation of new 
crystalline phases. The small extended peak 
between 420°C and 500° C is clearly associated 
with the presence of hydroxyl groups in the 
lattice of a clay mineral. The heating curve 
in no way reflects the presence of dolomite. 


Some of the soil samples treated with 20% 
HCL at low temperature were subjected to 
mineralogical analysis (carried out by LI. 
Feofarova) which revealed that secondary 
dolomite was completely absent and that there 
was very little primary dolomite (0. 002%- 

0. 014%. ) 


Cc 
d 

Fig. 1. - Thermograms of Ca and Mg carbonates, 
a - calcite (from ''The Physical Chemistry of 

70 Silicates'' by A.!. Avgustinnik, 1947); b - 

! dolomite (N. M, Strakhov, Tr. In-ta. geolo- 
gich. nauk, Ne. 124, 1951); c - magnesite 
(obtained by the author); d - thermogram of 
soil samp!e after removal of CaC03 and MgC03. 
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Fig. 2. - Soil with hardpan (''shokh!') 


Thus, our research has established that the 
magnesium carbonate is not incorporated ina 
dolomite molecule but occurs in the soil as 
magnesite, which is far more readily soluble 
in water saturated with carbon dioxide and may 
therefore have a toxic effect on cotton and 
other crops. 


Soils with a double parallel hardpans are 
often found under natural conditions. Their 
formation is due to the fact that the ground- 
waters were very close to the surface, at 
a depth of approximately 50 cm-80 cm, in 
the distant past and produced the first upper 
hardpan on evaporation. As the river base 
level fell, the groundwaters sank to a depth of 


(A) ; 
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Soil with two parallel hardpans (B). 


120 cm-140 cm, at which time the second hard 
layer began to be formed parallel to the first. 
Its formation is still continuing (a and b of Fig. 
2). Meadow vegetation was also apparently 
involved in the formation of the ''shokh" layers. 
Carbonate salts are also precipitated from 
solution when soil and subsoil water is used 

in transpiration. 


Our research has shown that the presence of 
calcium and magnesium in the adsorption com- 
plex is a typical feature of the meadow and 
meadow-bog soils that are widely distributed 
in the middle reaches of the Zeravshan. In 


many cases there is more adsorbed magnesium 
than calcium (3, 9). 


CARBONATE SALINIZATION 


Kudrin and Rozanov (9) and Bratcheva (3) 
are of the opinion that adsorption complexes 
with increased magnesium content were 
formed in the distant past by salinization of 
the soils by magnesium sulphates. In the 
desalinization of soils of this type, calcium is 
displaced from the adsorption soil complex 
and replaced by magnesium. Gypsum should 
form when calcium is displaced in such soils. 


However, it is clear from topographic posi- 
tion and hydrogeological conditions that the 
hydromorphic soils of the middle reaches of 
the Zeravshan, especially in the east, were 
never subjected to sulphate salinization. 

These soils contain no gypsum and very 
small amounts of easily-soluble salts, 


According to our research, an adsorption 
soil complex with a high content of exchange- 
able magnesium is formed on the evaporation 
of bicarbonate groundwaters. As already noted 
it is mainly the carbonate salts of calcium that 
are precipitated in the lower soil horizons when 
bicarbonate groundwaters move to the evapora- 
tion surface. Magnesium bicarbonates may 
ascend via the capillaries to the very surface, 
in which case magnesium cations will be more 
plentiful than calcium cations in soil solutions 
in the upper horizons. The magnesium ca- 
tions will enter the adsorption soil complex 
by displacing adsorbed calcium, This is why 
there is more magnesium than calcium in the 
adsorption soil complex of some meadow and 
meadow-bog soils in the middle reaches of the 
Zeravshan valley. It can be seen from Table 2 
(determinations by Shmuk's method) that ad 
sorbed magnesium accounts for 24, 01-31. 33 
meq per 100 g of air-dry soil in the upper hori- 
zons of high humus meadow and meadow-bog 
soils (i. e., 75%-76% of the total of cations). 
There is extremely little exchangeable sodium 


‘ 


and potassium (0.72 meq-0. 91 meq). 


The effect of adsorbed magnesium on the 
physico-chemical properties of soil has been 
dealt with by Gedroyts (6), Prasolov and Anti- 
pov-Karatayev (15) Usov (18), Breshkovskiy 
(4), Kudrin and Rozanov (9), Bratcheva (3) 
Grishin (6) Shavrygin (17), and others. Accord- 
ing to references in the literature, adsorbed 
magnesium has the effects of increasing the 
dispersion of soils, reducing the level of 
micro-aggregation and porosity, producing 
considerable compaction in the dry state, in- 
creasing cohesion, etc. The effect of mag- 
nesium on the physico-chemical properties of 
soil is to some extent similar to that of sodium. 


The micro-vegetational research of Mamay- 
eva has established that magnesium humates 
are toxic to the root systems of barley seed- 
lings. In soils with a variable ratio between 
exchangeable calcium and magnesium, the 
toxicity limit is reached when the magnesium 
accounts for 80% of the exchangeable cations; 
the negative effect of exchangeable magnesium 
begins to be apparent when its content is 
approximately 40%. 


Our field research has shown that soils 
with an enhanced content of magnesium carbon- 
ate and adsorbed magnesium are highly com- 
pact; they have takyr-like block disintegration 
which is cloddy, prismatic or columnar in the 
surface horizons, and which separates with a 
relatively smooth surface that is difficult to 
disrupt. 


Thus, soils of this type have a clearly de- 
fined solonetz structure and are extremely diffi- 
cult to work. They normally have a high alka- 
line reaction (pH 8. 6 and above). 


Table 2 


Composition of adsorbed cations in the soils studied 


++ 


Irrigated meadow soil. 


In meq per 100 g of air-dry soil 


NacekK’ | Total | 


"Lenin-Yuly" kolkhoz, 


\As a % of the total of cations 
eae 


+. t+ 
Mg" Na +K 


Komsomol'sk rayon. 


Profile 15 

= 14,17} 18,91 | 0,58 | 33,66 [42,09] 56,19 | 4,72 
cae |10 78| 12,75 | 0.49 | 23'97 |44'97| 52,99 | 2,04 
40—60 5'59| 4:93 | 0.47 | 10,69 152,29) 46,12 | 1,59 
60—80 6'78| 5.84 | 0.19 | 412,81 [52,92] 45,60 | 1,48 
90110 |.5.99] 2,22 | 0,09 8.29 |72,25| 26,67 | 1,08 

120-140 | 3.99] 2,88 | Not det'a] 6187 |58.07| 41,93 

Meadow soil. "Moskva" kolkhoz, Dzhambai rayon. Profile 3 
5 0,91 37.63 |40.31| 57,28 | 2,44 
Hae Gad pee 0,72 | 41,43 | 22.64) 78,03 | 1,73 
kG | 6'391 24.01 0.95 | 31,35 20.38 76,59 | 3,03 
Anes, 3°47 | 0,48 y9'53 |58.45| 39,42 4: 
eee ett rin | 0/18 | 10.99 bes 41,29 | 1,63 
below {| i, alt ven. is t | ed 
Note: Comma represents decimal point. 
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This naturally changes the distribution pattern 


have many of the features of solonetzes when of calcium and magnesium carbonate salts in 
them. A large part of the magnesium carbon- 


there is enhanced magnesium content in the 

adsorption complex. ate is leached from the upper soil layers and 
accumulates in the lower layers. Such soils 

are widely distributed on cotton and rice fields 

that have long been irrigated (Table 3). 


The Zeravshan soils under consideration 


Prolonged irrigation of salinization carbon- 
ate soils leads to their gradual desalinization. 


Table 3 


Composition of soil carbonates 


As a % of 100 g of Total! Asa % of 
air-dry soil CaCO,| total meq 
and 


MgCo 


Depth, cm 


ca |caco,| Mg |meco, 3] caco, |[MgCO, 


—____ 


Meadow soil. ''Pay-Aryk"'' sovkhoz. Profile 1 


0--25 17,9 | 44,75] 1,28 | 4,48 | 49,23! 89,4 | 10,6 
893 | 894 | 105 | 106 | s000 | 

Se ee ee tL ee (ee ee ee: | 

25-—4() bau eae 1,59 | 5,57 |50,57| 87,2 | 12,8 | 


| 
| 


898 | 899 | 130°) 131" (3f030 


v9— 70 | 20.8 93,25] 4,21 | 14,73 67,98 | 74,7 | 25,3 


1038 | 1033 | 346 | 347 | 1380 | | 
| | 


5,49 


451 


19°21 


493 


90,96 


1885 


iene: 
0-110 | 28,7 171,75 


75,9 | 24,4 
1532 | 1432 | 


( 
Meadow-bog soil. 'Dzhambai"’ sovkhoz named after Kiroy 


2,00 


43,78 
$34 4 


894 


0.—20 | 15,3 138,251 1,58 
| 763 | 763 | 430 


20-—40 18.0 | 45,00 3,16 |11,06/ 56,06] 75,6 | 24,4 
B98 | 809 | 287 | 289 | 1188 | 
ne ee ee ee a case — = u <a 
40--60 |. 24,601 54,00] 3.66 [12,811 66.81] 78,0 | 22.0 
1077 | 1077 | BCT | 304 | T38T | | 
Meadow soil. 'Pay-Aryk"' sovkhoz. Profile 4 
025 | 13,0 | 32,50; 2,07 | 7,25 | 39,75] 79,05 | 20,95 | 
| 649 | 649 | 170 | Hoe eset | 
et ee i eo ee || ae | Pian i 
30—45 | 12.4 [31,00] 2,38 | 8,33 |39.33| 75,67| 24.33 
: | 619 | 619 | 196 | 199 | is | 
su—65 | 20,5 |51,25| 6,71 | 23.9 74.14 | 64,72 | 35,28 
| 1024 | 1024 | 552 | 558 | 1582 | 
ode 0 | 24.0 61,50] 6.10 | 21,35] 82,85 | 79,83 | 29,17 
j 1228 | 1229 1502 [506 | 1735 


Note: Comma represents decimal point 
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Table 4 


Composition of adsorbed cations in irrigated 
meadow soil ''Pay-Aryk" sovkhoz. Profile 4. 


As a % and meq per 
100 g of air-dry 
soil 


ree | Mg*t* 


As a % of 


Depth, total meq 
cm 


Ca++ , 
+Mg 


0,240} 0,270} 0,510 
12,00 | 22,20| 34,20 
0,160 | 0,147 | 0,307 
8,00 | 12,09 | 20,09 
0,120} 0,073] 0,193 
“6,00 |,6,00 | 12,00 
70,080 | 0,049 | 0,129 
4,00 14,03 | 8,03 


Note: Comma represents decimal point. 


35,08 | 64,92 
39,82 | 60,18 


50,00 | 50,00 


49,81 | 50,19 


Our studies show that in desalinization of the 
soils the composition of the adsorption soil 
complex is little changed initially, and the 
replacement of adsorbed magnesium by cal- 
cium lags considerably behind the desaliniza- 
tion processes, 


There are also soils in which magnesium 
carbonate has been leached from the soil pro- 
file but in which magnesium is still more 
plentiful than calcium in the adsorption soil 
complex (Table 4). Such soils are of lower 
fertility. 


We have examined areas of calcium and 
magnesium carbonate salinization in the Kom- 
sonol'sk, Samarkand, Bulungursk, Dzhambai, 
Pay-Aryk, Ak-Dar'insk and other Oblasts' 
of the Zeravshan rayon. These areas are on 
the alluvial plain and especially in the water- 
course valleys of the former Zeravshan. 


Soils with magnesium carbonate saliniza- 
tion and a high content of adsorbed magnesium 
are of lower fertility. Their cotton yield is 
8-10 cntr/ha. 


Conclusions 


1. Hydromorphic irrigated meadow and 
meadow-bog soils have undergone calcium 
and magnesium carbonate salinization, which 
has led to the formation of compact cemented 
layers known as "'shokh" in the lower layers. 
Large quantities of magnesium carbonate have 
accumulated in the upper layers. 


2. The carbonate salts of calcium are rep- 
resented by the mineral calcites and the 
salts of magnesium by magnesite. The form 
of the magnesium carbonate was established 
by thermal and mineralogical analysis. 


3. In soils with magnesium and calcium 
carbonate salinization, the adsorption soil 
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complex, especially in the upper layers, is sat- 
urated mainly with magnesium cations and 
partly with calcium cations. It contains very 
little sodium and potassium cations. 


4, Research has revealed a direct connection 
between magnesium carbonate salinization and 
the formation of an adsorption soil complex in 
which the magnesium cation predominates. The 
participation of easily soluble salts in this 
process is excluded, 


5. In desalinization processes, magnesium 
carbonates are leached to a considerable depth 
in the soil or may be removed from the soil 
profile by prolonged irrigation, whereas ad- 
sorbed magnesium is firmly retained in the 
surface layers for a longer period. 


6. Soils that contain an increased amount 
of exchangeable magnesium in the adsorption 
complex are similar to solonetzes in their 
morphological and chemical properties. 


7. It has been established that there are 
solonchak-like soils with a high content of 
magnesium carbonate in their lower layers and 
solonetzic soils with an enhanced content of ex- 
changeable magnesium in the hydromorphic 
soils of the Zeravshan valley. These soils of 
magnesium and calcium carbonate salinization 
are genetically closely related and of low fer- 
tility. 


8. The fertility of soils with magnesium 
carbonate salinization can be increased by 
deep plowing without moldboard (45 cm-50 cm) 
and the application of organo-mineral fer- 
tilizers if the ''shohk" is near the surface. 


Received January 19, 1961 
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SOILS OF THE HILLY TERRITORIES OF NORTHERN VIET-NAM 


V.M. FRIDLAND, V.V. Dokuchayev Soil Institute 


; The relief of Northern Viet-nam is clearly 
divided into plains (mainly lowland plains), 
hilly country, and mountains (8). 


Various alluvial soils predominate in the 
plains composed of young fluvial deposits, but 
bog soils are also quite common and there are 
salinized soils in the maritime districts. 


I have given a brief description of the moun- 
tain district soils, the geography of which is 
primarily determined by vertical zoning in a 
previous paper (6). 


The present paper is devoted to the soils of 
the hilly territory, where the basic zonal soils 
of this humid tropical land predominate. 


Values for the climatic conditions in the 
hilly territory are given in Table 1. Since the 
mean temperature of the coldest month is 
14, 7° C, even in the extreme north of the foot- 
hills (Fu-Ho) natural flora and crops can grow 
all the year round. 


The annual pattern of precipitation and evap- 
oration establishes two main Seasons, in one 
of which precipitation exceeds evaporation 
and in the other of which evaporation exceeds 
precipitation. In accordance with the district, 
the number of months in which evaporation ex- 
ceeds precipitation varies between 2-3 and 4-5. 
Even in the driest parts of the hilly territory 
(Fu-Kui) there is no month in which evapora- 
tion exceeds precipitation by more than 40 mm 
and during the rains precipitation exceeds evap- 
oration by 100 mm — 200 mm and more a month, 
The soils therefore remain quite moist through- 
out the year. During three years of observa- 
tions in Fu-Kui, which, as already mentioned, 
contains the driest areas of the hill country, 
it was found that soil moisture only falls to 
the wilting moisture for very short periods and 
then not every year. 


Owing to these climatic conditions humid 
tropical forest developed extensively in the 
hilly territory of North Vietnam, but the | 
primary forests have now been almost entirely 
replaced by various secondary types of forest, 
shrub thickets, and cultivated crops. 


The parent materials, which are most di- 
verse, are the weathering products of shales, 
gneisses, granites, basalts, volcanic tuffs, 
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marmorized limestones, carbonate sandstones, 
and other rocks, 


In relief the hilly territory is mainly an an- 
cient pre-Quaternary peneplain that developed 
under undisturbed tectonic conditions. After 
the active movements of the Alpine mountain 
building a considerable part of the territory of 
Northern Viet-Nam was upraised and became 
mountainous, while another part was lowered 
and subsequently covered by deltaic deposits and 
converted into plain. Hilly topography was only 
retained in the tectonically undisturbed condi- 
tions at the contact between the zones of uplift 
and subsidance; its development here followed 
the same pattern as before the Alpine movement. 
In other parts of the hilly territory, however, the 
relief is differently conditioned; here the Alpine 
movements did not produce upheavals and sub- 
sidances but led to the formation of fractures 
associated with outpourings of basic lavas and 
a resulting smoothly undulating relief that is 
clearly distinguishable from the more dissected 
relief of the greater part of the hilly territory. 


The hilly relief favors the development of 
well drained soils, but soils that developed under 
conditions of poor drainage with ground water 
close to the surface are also quite common. The 
extensive development of compact lateritic soil 
horizons associated with poorly drained soils 
has been described in greater detail in other 
publications (9,10) and only soils formed with- 
out the influence of ground waters will here be 
considered. 


Three groups of soils formed without the 
influence of ground waters can be clearly dis- 
tinguished in the hilly territory: 


1) red and yellow soils often forming 
blends of these tones, with a cloddy structure 
in the upper horizons and the structure of the 
parent material in the middle and lower parts of 
the profile; 


2) dark red uniformly colored friable soils, 
almost cinnamon-brown in the upper part, 
with excellent granular structure throughout the 
profile; 


3) black soils paling to a slightly reddish 
tinge below; the structure of these soils is 
stable when the texture is fine and usually un- 
stable when the texture is coarse, 
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Table 1 


Climatic conditions of the hilly territory of Northern Viet-Nam 


Month 


Climatic features 


Jan, | Feb. May |June}July | Aug. 


May Apr. 


Fu-Ho 21° 27’ N, 105° 15" E, altitude 25 m 


Mean temperature ~ C 


| 14,7 aaa 
| 88,8 |88,8/89,2 
| 
| 


Mean relative humidity,% 3/85 , 7/8 
Precipitation, mm ul | 4) Bay) Well 4MOle)| -22s)) BBR SRY 
Evaporation, mm 33{ 35; 38; 45] 68] 80] 66} 68 


Fu-Kui, 9°32'N, 104° 44' E, Altitude 75 m 


17,3 ]18,3/20, 4/25, 1/28, 129, 1/28,0 


Mean temperature ° C 


lative humidity,% | 85,5 |86,1/85, 7/83, 6/81 , 4/79 ,4'82,8 
Precipitation, mm | 40, 31| 36) 61] 1631 40) 2501 164 
Evaporation, mm KO 2a ei 74) RY SIG, ey) 27e/ 


Sept. 


98, 4]26,8123,8/24,4119,3/23,9 
85, 4/87, 4185, 2186, 4186, 4184, 6- 


Oct. | Nov.] Dec 


23 ,0|27 ,0[28 , 3]28 ,0|27 , 9/26, 7/24 0/21 ,0/17 ,8/22,9 
89 6/86 ,3/85, 7/86 , 9/88, 6/88 6/85, 1/85 , 8/88 , 1/87, 5. 


237] 128} 36) 35/1747 
55] 65] 55} 37] 645 


333] 152] 54 
63} 63] 55 


26/1376 
48] 813 


Note: Comma represents decimal point. 


In view of the uniform bioclimatic conditions 
in the territory the differences in the soils may 
be thought to be due to the parent materials. 
This can, in fact, be seen quite clearly. The 
soils of the first group develop on shales, 
gneisses, granites, and rhyolites; those of the 
second group on basalts, porphyrites, and 
marmorized limestones; and those of the third 
group exclusively on basic volcanic tuffs and 
lavas. 


450 cm-650 cm 


None of these groups are in any sense uni- 
form, The soils in a group differ in humus 
content, texture, and other attributes, Since 
treatment of these internal distinctions would 
require examination of a great deal of ma- 
terial each of the groups will here be described 
from a single profile with the object of reveal- 
ing the basic features of each group. The fol- 
lowing description is an example of the first 
group. 


650 cm-1000 cm 


1000 cm-1400 ecm 


The second 
file developed 


overgrown with grass, (more than 15 m) of 


0 cm-25 cm Reddish-brown, clay, 
fine granular structure, 
moist, many roots. 


Gradual transition, 


basalts, 
without grass cover, 


surface of t rill. 
25 cm-95 cm urlace of the soil 


Brownish-red, Clay, 
cloddy unstable struc- 
ture, moist roots. Grad- 


ual transition, 


0 cm-45 cm 


95 cm-450 em Brownish-red, clay, 


retaining the morphologi- 
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cal appearance of shale 
(apparent layering and 
differences in the struc- 
ture of the layers). 
Gradual transition. 


A mass of weathering 
shale of varying color 
(yellow, rust, brown, 
violet). Easily cut witha 
knife. gradual transition. 


Reddish-brown, more 
gently weathering shale, 
easily cut with a knife, 
Gradual transition. 


Weathering shale, green- 
ish-yellow and brown. 
Weathering less advanced 
than in the superjacent 
horizons, cannot be cut 
with a knife, breaks into 
typical shale fragments. 


group is represented by a pro- 
on a thick weathering crust 


andesite-basalts, 


Dan province, Tai-Hien State 
Gently undulating surface. composed of 
Thick second 


ary evergreen forests 
A few dry leaves on the 


Reddish-cinnamon-brown, 
very friable, cloddy- 
granular stable structure, 
fresh, tree roots. Grad- 
ual transition, 


45 cm-100 cm 


100 cm-250 cm 


250 cm-380 cm 


380 cm-450 cm 
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Reddish-cinnamon-brown, 
lighter and somewhat less 
friable; stable structural 
units; fresh; noticeably 
fewer roots. gradual 
transition. 


Cinnamon-brown-red, 
granular-cloddy, moist, 
some plasticity, structur- 
al units less stable; hard 
pisolitic and ferro-man- 
ganic concretions. Gradual 
transition. 


Brown, cloddy, damp, 
plastic, contains a consid- 
erable quantity of stable 
pisolitic concretions up 

to 3 mm-4 mm in diameter 
especially between 300 cm 
and 350 cm, Gradual 
transition, 


Cinnamon-brown-red, 
granular, cloddy, damp, 
plastic, few concretions; 
ferro-manganic concretions. 


The soil representing the third group is de- 
scribed from a point some kilometers from the 
eet profile. It is developed on volcanic 
tuff, 


Profile 74. Nge-An province, Ne-Dan 
district, Tai Hien State Farm. 5 km to the 
south of Central Buildings of the ''Tai-Hien" 
State Farm. A chain of volcanic uplands (alti- 
tude up to 173 m). Tuff outcrops and pumice 
fragments on the slope of a high hill. The whole 
upland is thickly covered with grasses up to 1 
m high with occasional stunted palms and a few 
isolated trees of pod-bearing varieties. 

0 cm-20 cm Black, clay, structured, 
friable, thickly penetrated 
by roots, moist. Gradual 
transition. 

20 ecm-55 cm Brownish-black, moist, 
cloddy, compact, plastic, 
occasional rounded 
pumice fragments up to 

5 cm-7 cm in diameter; 
far fewer roots. Gradual 
transition. 


Table 2 


Particle size analysis of soils of the hilly territory of Northern Viet-Nam, % 


Pro- 


file Depth, cm 


Hygro-}Losses 


with: 
HCl 


Diameter of particles, mm 
ntreat- PERE ES So CRT nae eee 
it 
men 0,005— | <0,008 


Note: Comma represents decimal point. 


O—10 | 2,80| 4,4 ONT 12,3 10,1 7,0 | 22,0 | 44,3 

40-20 | 2,64] 0,9 O02 13,3 11,3 2'3 | 19,8 | 49,7 

30—40 | 2,58 | 0,6 1,9 1212 934 7,5 | 19,9 | 48,5 
TOM SOG ale ans | 0,4 saa oat 14,6 812 Bio | (8,40 ere 
Pee tO Pe 234 13,0 8.6 4.6 | 17,5 | 53,5 
350—360 | 1,97 | 0,7 4,9 18.4 1118 7.2 | 17,4 | 39,9 
B70sss0 = 2 00" e0.5 7 8,0, |-.16,80 | 5.3 SSM arta, Gy yess 
810—820 | 2,17! 0,4 215 13,9 | 21,9 11:2 | 24,6 | 25,5 
1190-1200 | 2,90] 0,5 | 15,7 | 32.8 | 20,8 7,60 | 16 see 3 
241 1,6 pe se les be} 7,8 | 10,6 | 65,9 

10220 3788 rik Pewee Es 5,6 1014 7.3 9:2 | 64.5 
Pia Be 016 9/8 814 4,8 8,3 | 66,3 
40—50° 9° 3,86 j" 1,2 0,6 6,6 7,6 9,6 6,8 | 72,8 
60—70 | 3.83} 1.2 016 Hn] 8,4 5,2 5,2 | 71,6 
80—90 3.83 hh 0,7 t 8,95 8,4 4,0 6,4 yas 
100-120 | 3.55 | 1,1 in | ese Ue aos 6,4 i239 
2002-210) 23563 je 0S 7 a5 3,2 11,8 a ap i 
300—320 | 5,04 | 0,6 18,7 | 22,1 | {2,14 a ah ie 
ig ean erpee | RUA ei OM ON Es OS pas UR Te Tape a ia pode 
41 3,9 1,8 9,9 | 22,6 | 16,2 | 20,6 | 25,0 

pao foe ss | i | ke | ms | ie | 0 | oo! 
95-35 | 77261 3,0] 44 | 4.5 | 18,4 | 42,6 | 14,2 | 46,5 
oe [eels 8 | ie | fee | Re | fos |e 
’ c yas 44,4 7,6 o7) i ’ ’ 

s-65 | 7.881 32 | 7 | ine | 6:5 | t0.0 | 140 | 48.0 


1325 


V.M. FRIDLAND 


55 cm-90 cm Similar to the previous in the lower horizons in which there are con- 
level, but moisture cretions that the texture becomes noticeably 
and with more pumice coarser due to the formation of a considerable 
fragments; somewhat quantity of small concretions (0.05 mm-1 mm 
lighter and with a more in diameter) that are clearly visible under a 
distinct cinnamon- binocular microscope. 


brownish tinge; no roots. 
The soil from profile 442 has a coarser tex- 


Each of these profiles had distinct structural ture and is a silty-clay clay. It differs funda- 


features. Profile 74 is continually black mentally from profile 17 in that the amount of 

(unvariegated) and has a stable structure with silt and even sand particles becomes consider- 

large units, Profile 17, like the preceding pro- able. There are noticably fewer clay particles 

file, is of uniform coloration but is cinnamon- in the lower, less weathered part of the profile 

brownish red and not black; it is only dark which is rich in sand and large silt particles. 

brown in the horizon containing concretions. 

The whole profile is well structured to a depth The soil of profile 74 also consists of clays 

considerably below the root zone and the units which are mainly silty-clay and, in the upper 

are noticeably smaller than in profile 74. horizons, clay-silt. The texture of all hori- 

Profile 442 has very distinctive features. zons is coarser than in the two previous soils. 

Throughout its thickness of almost 15 m it has 

the typical variegated coloring and composition Despite these differences it should be empha- 

of the undisturbed shale bed from which the sized that all three profiles have the fine- 

soil was formed, Thus its structure shows textured clay that is generally typical of soils 

clearly that chemical weathering preceded in the hilly territory of Northern Viet-Nam 

physical weathering and that the rock, in its in particular and in the humid tropics in 

original undisturbed bedding, altered its general, 

mineralogical and chemical composition. Only 

the upper 95 cm layer has acquired structure The upper part of all three profiles is some- 

and homogeneity under the direct influence of what coarser in texture for reasons that are not 

root systems, It should be emphasized that fully apparent, although micro-morphological 

homogeneity and structuring in soils formed observations suggest that it is mainly due 

on the eluvium of shales, gneisses, granites, to illimerization (5). 

and other rocks (except for igneous basic 

rocks) are always associated with the action In examining the physical properties of soils of 

of tree and herbaceous root systems; outside the the hilly territory (Table 3), we have used de- 

sphere of influence of the root systems the wea- terminations that were made not on the three 

thering products in situ always retain the struc- profiles described, in most cases, but on others 

ture of the initial rocks. The soils also differ with similar over-all properties, 

in texture (Table 2). The soil of profile 17 

has the very fine clay loam texture. It is only Soils developed on basalt have much greater 
Table 3 


Some physical properties of the soils of the hilly territory of Northern Viet-Name. 
(work conducted by A.I. Zhitkova under the supervision of §S, I. Dolgov) 


; ahi Field Total con- : 
Maximum] Wilting : Field 
Profile Dept, lhygroscop4 moisture ea ad rane fe eae WM Porosity? |moisture 
icity (MH)|} (WM) (FMC) molaiace MH capacity 
oe Weight, % Volume, % 
O—15 Bind SOmd atl ee 1,39 71,0 26,6 
15—30 Davo 31,1 38,6 70 ibe) 68,8 30,9 
A 30—50 PMA) me 37,3 6,6 1,36 66,0 32,8 
0—5 Lio 20,6 28,4 Tis: 1,79 04,1 34,9 
B 5—18 aha 21,4 27,6 Gre 1,86 93,4 34,2 
18—29 Wo 33,4 30,9 TSS 1,86 49,8 42,6 
0—13 16,9 Dom 31,6 oro To Not det'd. 
\e 13—25 19,9 2 Teed 36,6 8,9 Oo er 
25—40 rahe Ye 2958 39,4 he) 1,34 " 


a 
Porosity was determined for profile 17 described previously and for a profile devel 
shale elmer in properties to profile 442; the structure of he Barnnics atrottanca i aa 


disturbed. Field moisture capacit i i 
ed. x r y of samples with disturbed struc i i 
Note: Comma represents decimal point, anece ees ae 
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porosity than soils developed on shale; this 
porosity is retained on saturation of the soil 
up to field capacity owing to the excellent aér- 
ation of soils developed on basalts. The re- 
duced aeration of soils formed on shales is of 
great genetic and practical importance; it 
leads to gleying processes when the soils are 
excessively wet, especially in the rainy 
season. This gleying produces the mottled 
coloration of soils developed on shales (never 
found in soils developed on basalts). The dif- 
ference in oxidation-reduction conditions be- 
tween the soils compared is also revealed in 
a number of other processes that lead to im- 
portant differences. 


The very high value of maximum hygro- 
scopicity and of the wilting moisture is a strik- 
ing feature in analysis of the moisture proper- 
ties of the soils. It is clearly due to the fine 
texture and to the high content of sesquioxides, 
which has been shown to have great effect 
on the moisture properties of soil (28, 17, 11). 


When wilting moisture content is very high, 
even considerable values for field moisture 
capacity does not ensure a large amount of 
usable moisture. This leads to a paradoxical 
situation in which the total usable moisture is 
in the range of 6%-9% at 30%-40% field mois- 
ture capacity. Zonn and Li Chen-kwei have pre- 
viously obtained similar values for the soils 
of Southern China (28). 


More than 75% of the total soil moisture con- 
sists of unavailable moisture. Under such con- 
ditions luxuriant tropical forests that require 
large quantities of water can only develop if 
the soil moisture is continually replenished 
and if evaporation is low in the seasons when 
there is least precipitation. 


Chemical analysis (Table 4) shows that the 
properties of profiles 442 and 17 differ sharply 
from those of profile 74, The reaction of the 
first two profiles is acid while that of profile 
74 is practically neutral. The first two profiles 
have a very low exchange capacity, which 
when recalculated for 100 ¢g of clay indicates that 
the clay fraction of these soils is similar in ex- 
change capacity to kaolinite, Base saturation 
varies between 50% and 82%; calcium is the 
major exchangeable cation, followed by mag- 
nesium, sodium, and potassium, 


Profile 74, on the other hand, is almost 
entirely base saturated and has a high ex- 
change capacity; recalculation for 100 g of 
clay gives values close to the exchange capacity 
of halloysite and montmorillonite. Magnesium, 
which plays a large part in the adsorbed cations 
in profile 74, predominates in most of the hori- 
zons, followed by calcium, potassium, and 
sodium. There is considerably more ex- 
changeable potassium in profile 74 than in 
profiles 442 and 17. This is in agreement with 
the Nay's conclusion (20) that herbaceous vege- 
tation accumulates more potassium than forest 
vegetation under tropical conditions. Deter- 
mination of exchangeable aluminum by Sokolov's 
method revealed relatively small quantities 
especially in relation to the high content of non- 


aye aluminum in the soils (to be shown be- 
ow). 
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Thus there is a clear distinction between pro- 
file 74 and profiles 442 and 17. There are also 
certain differences between profiles 442 and 17 
(profile 17, developed on basalt, has a slightly 
lower acid reaction, higher base saturation, 
and a higher content of exchangeable potassium 
than the profile developed on shale). These soils 
also differ in their exchange capacity for anions: 
the soils developed on basalts normally adsorb 
15 meq-17 meq P.O, per 100 g of soil and those 
developed on shales 10 meq-12 meq. 


An examination of the distribution of ex- 
changeable cations throughout the profile ; 
shows quite clearly the biological accumulation 
of exchangeable calcium. There is also an 
increase in the amount of exchangeable 
hydrogen in the upper horizons of soils de- 
veloped beneath forest and the unsaturation of 
the adsorption complex is also increased. The 
basic features of biological accumulation be- 
neath tropical forest are therefore: accumula- 
tion of exchangeable calcium and simultaneous 
exclusion of all other cations that are replaced 
both by calcium and by hydrogen (due to the in- 
fluence of litter decomposition products). 


Attention should be drawn to a certain in- 
stability in the content of exchangeable bases 
through the profile; this can be explained on the 
basis of the low absolute amounts, since even 
a Slight alteration in content gives the im- 
pression of a sharp change, 


The humus horizons are quite thick and 
there is little variation in humus content and 
in the carbon: nitrogen ratio between the pro- 
files considered. On the other hand, there are 
very fundamental differences in the composition 
of the humus (Table 5). The humic acids 
clearly predominate in profile F (very similar 
to profile 74) while fulvic acids are greatly 
predominant in profile B (very similar to 
profiles 4421 and 17). This fundamental distinc- 
tion in humus composition in no way conflicts 
with the high base saturation, neutral reaction 
and considerable exchange capacity of profile 
74, and the lesser base saturation, acid reac- 
tion, and low exchange capacity of profiles 442 
and 17, There is no apparent explanation for the 
marked increase in fulvic acids in a sample 
from a depth of 25 cm-40 cm from profile F. 


In all the samples studied the amount of 
matter (fats, resins, and waxes) extracted by 
alcohol-benzol was slight. 


The distribution of the substances extracted 
on decalcification follows the general pattern 
exactly; their amount increases from more 
base saturated and less acid to less base satur- 
ated and more acid soils, 


Interesting values were obtained in deter- 
mination of available humic acids, which were 
very plentiful in all the samples. In samples 
of soils in which humic acids predominate over 
fulvic acids their high mobility is shown by the 
fact that the value for mobile humic acids is 


i ae : 
The composition of organic matter was determined 


in samples Band F, the physical properties are given 
in Table 3. 
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basically the same as that for the total content 
of these acids. In samples in which fulvic 
acids predominate the value for mobile humic 
acids was even higher than their total, the 
value for mobile humic acids was even higher 
than their total, probably as a result of the 
high mobility of humic acids partly extracted 
from the soil on decalcification. 


This high mobility of humic acids is due to 
their high content of peripheral hydrophilic 
groups and the weak revelation of the aro- 
matic nucleus responsible for their hydropho- 
bic properties. Thus, the mobility of the 
humic acids is very high in these soils and 
probably greater than that of the humic acids in 
soils of the temperate and subtropical belts 
that have already been studied (16, 25). Zonn 
and Li-Chen-kvey (27) have already noted the 
predominance of fulvic acids and mobile forms 
of humic acids in the humid tropic soils of 
Southern China. The procedure for studying 
the composition of organic matter should 
therefore be amended to include determina- 
tion of forms that are more mobile than sub- 
stances in the first group. 


In addition to these extremely active or- 
ganic components, there is, as previously 
observed in tropical soils (21), a large amount 
of slightly mobile forms that are not extracted 
from the soil, but form a residue firmly com- 
bined with the mineral part of the soil. 


The chemical analyses are well confirmed 
by measurements of the optical density of 
humic acids (Fig. 1). The humic acids were 
optically more dense in soils the organic 
matter of which contained a great deal of humic 
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Fig. 1. - Optical density of soil 


Organic matter from the hilly ter- 
ritory of Northern Viet-Nam. 


1332 


acids. It can therefore be assumed that con- 
ditions that are favorable to the accumulation 
of humic acids also facilitate their high con- 
densation. 


Table 6 gives total chemical analysis for the 
soils under consideration and the results of de- 
termining their content of soluble and insoluble 
substances in a mixture of sulfuric, hydro- 
chloric, and nitric acid by the method described 
by Rode (22). Data for exchangeable forms 
are also given for calcium, magnesium, potas- 
sium, and sodium (recalculated from Table 4). 


In all three profiles the pronounced hydra- 
tion of the mineral part of the soil is shown by 
the fact that ignition losses are very great 
in the lower as well as the upper horizons. 
Thermal analysis data (Fig. 2) confirm this 
hypothesis (the endothermic peaks at 100° C- 
125° C are very great). 


The total content of silica is approximately 
the same in all three profiles, but there is con- 
siderably more stable silica (almost entirely 
quartz) in profile 442 than in profiles 17 and 74, 
because of the nature of the soil-forming parent 
materials: the shales on which profile 442 were 
formed contain quartz while the andesite-basalts 
and tuffs on which profiles 17 and 74 were formed 
contain little or no quartz. 


The great increase in sulfur content in pro- 
file 74 is also due to the nature of the soil- 
forming parent material; volcanic tuffs normally 
have a very high sulfur content. 


All the samples had a high phosphorus con- 
tent, but this was to be expected from references 
in the literature (14, 19); its content is espe- 
cially high in soils formed on basic rocks. 


There were significant amounts of aluminum 
in all the samples analyzed, but extremely little 
stable aluminum; it can therefore be assumed 
that the stable silica is mainly quartz and that 
the amount of stable aluminosilicates is 
very slight. When the chemical analysis data 
are compared with thermograms (Fig. 2) it 
becomes apparent that the aluminum is mainly 
incorporated in kaolinite and halloysite but 
that considerable quantities are also present as 
free hydroxides, (hydrargillite, etc. ). 


The thermograms d9 not explain the en- 
hanced exchange capacity of profile 74, which 
has already been mentioned, Since kaolinite 
and halloysite have the same total chemical 
composition and the same thermographic curve, 
additional X-ray studies were made at the 
laboratory of the Institute of Geology, Petro- 
graphy, Mineralogy, and Geochemistry of the 
USSR Academy of Sciences. These studies 
revealed that metahalloysite (7.30 A and 1. 48A 
lines) predominates in the composition of the 
clay fraction of profile 74. This fully explains 
the high exchange capacity and some of the other 
properties of this soil, 


The amount of iron in all three soils is also 
very high, but there is even less stable iron 
than stable aluminum; the higher content of 
stable iron and stable aluminum in the samples 
taken from the lower parts of profile 442 is due 


to the less extensive weathering of these deep 
horizons, 
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960 


Prof. 77 


400-420 


550 


Fig. 2. - Thermograms of soil: samples from the hilly territory 
of Northern Viet-Nam. (The values to the right of the curve 
show the depth in centimeters). 


ra 


The content of calcium and magnesium, 
which is very low in profiles 442 and 17, 
is approximately ten times as great in pro- 
file 74, This difference in the total content 
of the alkali earths is responsible, as already 
indicated, for the differences in the composi- 
tion of available cations and humus. The 


enhanced ce ee magnesium in the soil- 
forming parent material of profile 442 is due 

to its shallow weathering. The content 

of more available potassium and sodium 

is little different between profiles 442 and 17 

on the one hand and profile 74 on the other; 
insignificant amounts were present in all samples. 


1333 


V.M. FRIDLAND 


There is a distinct variation in titanium con- 
tent between the soils — 4%-6% in profiles 442 
and 17, this is similar to the values given for 
some of the soils of Southern China in (18). 
The titanium content of profile 74 is notice- 
ably lower due to its greatly reduced content of 
volcanic tuffs, 


Manganese content is quite considerable in 
all the profiles, especially in the soils de- 
veloped on basalts and volcanic tuffs. 


Let us examine the alteration in the total 
chemical composition of the soils through the 
profile. 


There are two distinct levels in profile 442 
— a lower level below 570 cm and an upper 
level above 570 cm. In the lower part of the 
profile, in which the reaction is near neutral, 
SiO, content is typically lower and R,O, con- 
tent higher; it is evident that active weathering 
processes are under way in this part of the 
profile and that there is removal of silica and 
accumulation of sesquioxides. In the upper part 
of the profile there is distinct reduction in 
sesquioxide content anda corresponding increase 
in silica content, especially stable forms of 
silica. It therefore follows that sesquioxides 
are being removed from this part of the pro- 
file. The texture of the soil confirms these 
conclusions: it is finest in the central part 
of the soil profile and becomes coarser below, 
because of the reduced extent of weathering 
and above, because of intensified removal of 
fine particles. 


The distribution of alkali earths and alkali 
shows that their active removal begins in the 
initial stages of weathering and that their 
content subsequently becomes stable in all 
the horizons of the weathering crust and the 
soil, as shown by their approximately equal 
content throughout the profile. 


The differences in total chemical composi- 
tion with depth in profile 17 are due to the 
presence of small iron concretions at a depth 
of more than 3m. This also explains the in- 
creased iron and the reduced content of Silica 
and, in part, aluminum in the lower horizons, 
The increased content of Silica, especially 
stable silica, in the upper horizons and the 
simultaneous reduction in the content of 
aluminum and iron is in full agreement with 
the slight coarseness in the texture of these 
horizons, 


__ There is insufficient information for pro- 
file 74 to assess alterations in the total chem- 
ical composition with depth, 


We shall attempt to reveal the Specific fea- 
tures of each of the three groups of soil- 
forming parent materials that account for 
the distinctive features of the three profiles 
described, 


The first group of rocks (soils represented 
by profile 442) comprise shales, gneisses, 
granites, rhyolites, and other acid rocks 
containing a considerable amount of quartz 
and certain other minerals that are quite 
resistant to weathering. Intensive leaching 
and the slow liberation of bases account for 
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the development of weathering under conditions 
of base deficiency (acid medium, dilute 
solutions). These rocks are relatively poor : 
in iron and the amount liberated on decomposi- 
tion of the minerals is insufficient to give the 
weathering products a stable structure. 


The rocks of the second group are richer in 
bases and, which is especially important, in 
iron. The weathering of these rocks, as in 
the preceding group, follows the same pattern 
but loss of bases, is greater than their libera- 
tion on weathering; there is therefore insufficient 
bases in the formation of the weathering crust 
and soils. On the other hand, a considerable 
amount of the iron liberated on weathering is 
a cement that creates a stable structure for 
the weathering products and this ensures good 
aération of the soils formed on them and pre- 
vents the development of gleying processes. 


The considerable amount of bases liberated 
on weathering is a feature of the third group 
of rocks. The third group of rocks has a 
considerable amount of bases liberated during 
weathering. Volcanic tuffs, marls, and poorly 
crystalline limestone containing a large quantity 
of admixtures readily give up bases. The 
weathering crust and soils formed on them are 
considerably richer in bases; the input of 
bases on weathering exceeds loss. There is 
very little iron in these rocks. Those that are 
richer in iron give rise to better structured 
weathering crusts and soils, but this is only 
an additional feature — the main feature of the 
group is the high base content. 


Let us consider the classification of the 
soils studied, 


The first two profiles (profiles 442 and zy) 
belong to the extensive group of tropical soils 
known as lateritic soils (4, 24), latosols (15), 
ferrallitic soils (1), typical laterities — mixed 
allitoferrites and ferroallites (13). Kellog (15) 
who first gave a full description of the character- 
istics of this group formulated the following 
nine features of latosols (these features were 
repeated in general outline by Aubert [1]; most 
of them are also to be found in Gerasimovy's 
definition | 13]). 


1. A low SiO,:R,O, ratio in the clay fraction 
(Aubert added, the quartz-free part of the 
soil) taking his limit the previously established 
value of the SiO,: Al,O, ratio of two or below. 

2, Low exchange capacity of the clay mineral; 


3. Low content of primary minerals, except 
for low stable minerals; 


4, Low content of soluble matter; 

5. Relatively high aggregate stability; 

6. Red color or reddish tinge to other colors; 
7. Absence of illuvial-accumulative horizons 


in most cases (they may exist in some soils of 
the group) 


d 


8. Thin organic horizons (forest litter) above 
horizon A, ; and 
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9. Relatively low silt content b i- 
son with other soils. ah on 


In the light of what has been said previously, 
the soils here considered have these attributes: 
the data at our disposal does not show structural 
stability but field observations confirm its 
stability. One attribute (low silt content) is 
not typical of the soil of profile 442. It 
emerges from an examination of extensive 
material that a low silt fraction is general 
but not invariable. 


An additional attribute can be deduced from 
the information given previously and from 
the unpublished data and materials of other 
authors (21); fulvic acids are greatly pre- 
dominant over humic acids and are highly 
available forms, 


The term ''ferralitic soils" suggested by 
Aubert seems the most suitable. It is similar 
to the terms "'allitoferrites" and ''ferroallites" 
advanced by Gerasimov as descriptive of the 
further subdivision of this soil group. In our 
opinion, soil profiles 442 and 17, which are 
ferrallitic soils, are of different genetic 
types. Their differences are primarily in 
physical properties — structuring and porosity 
— and these properties characterize the water 
and air regimes. Asa result of this, gleying 
processes occur in the rainy seasons in soils 
developed on shales, granites, and other non- 
basic rocks; these processes are associated 
with slight water-permeability, which a num- 
ber of authors (26, 23) see as a typical fea- 
ture of humid tropical soils. The processes 
of differentiation of the profile often observed 
in them are described as podzolization by some 
soil scientists. 


Soil developed on basic (and medium quartz- 
free) rocks (profile 17) are highly structured, 
extremely porous, well aerated and permeable, 
and show no signs of gleying and very slight 
differentiation of the profile. Naturally enough 
the methods for agricultural use of these soils 
are also different. On soils of the first group, 
for example, plantations of perennial crops 
must be cultivated fairly frequently to improve 
the water and air regime and to activate biologi- 
cal processes, whereas soils of the second 
group do not need cultivation, In the explana- 
tory text to the soil map of Northern Viet-Nam 
(12) I have classified these soils as belonging 
to the red and yellow lateritic soil groups 
(profile 442) and to the red strongly lateritic 
groups (profile 17). 


Although Kellog (15) distinguishes a number 
of types he does not give a clear description. 
It would appear from indirect indications in the 
article that our soils can be compared with 
his "reddish-yellow latosols"' (profile 442) 
and red earth latosols" (profile 17). My sug- 
gested terms (7) of ''red-yellow lateritic 
Soils of the humid tropical forest"! and "'red — 
lateritic soils of the permanently humid tropi- 
cal forest'' emphasize the conditions under which 
these soils were formed, This clarification is 
essential since soils that are similar both — 
morphologically and in a number of properties 
(especially total chemical and mineralogical 
composition) have often been described by 
soil scientists under different bioclimatic 
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conditions where they are relictual formations 
with quite distinctive regime and more dynamic 
properties (reaction, composition of exchange- 
able cations, etc. ). 


On the soil map of Africa, south of the Sahara, 
(3) these soils are respectively called beige- 
yellow ferrallitic and red ferralitic. 


On the basis of what has been said, it 
appears preferable that the soils described 
by profiles 442 and 17 should be called, re- 
spectively, ''red-yellow ferrallitic soils of 
permanently humid tropical forests" and "dark 
red ferrallitic soils of permanently humid 
tropical forests". 


The soil of profile 74 belongs to the extensive 
group of black tropical soils that have been 
distinguished by a number of authors. The 
soil in the group that most nearly corresponds 
to profile. 74 is margalitic soil (19, 2) that is 
black, neutral inreaction, has a high exchange 
capacity, and an almost completely base satur- 
ated adsorption complex. The typical nature 
of these features for the black soils of Northern 
Viet-Nam and their connection with volcanic 
tuffs, carbonate sandstones, and marls, on which 
margalitic soils normally develop,prompt this 
conclusion (12). 


However, subsequent research has revealed 
that clay minerals of the halloysite group pre- 
dominate in these soils, whereas the montmoril- 
lonite group is typical of margalitic soils. The 
contradictory nature of the composition of the 
organic matter, in which highly available humic 
acids predominate has also become apparent. 
These facts indicate that in addition to those of 
its properties that are typical of margalitic 
soils, this soil also has important properties 
that are typical of ferrallitic soils. On this 
basis, soils similar to profile 74 are classified 
as a special transitional group of ferrallitic- 
margalitic soils. Subsequent research should 
reveal how widely distributed are such soils and 
how stable are their properties. 


All the three soils considered here are found 
under the same bioclimatic zone; therefore has 
to be decided which type is the zonal group. 

This problem is of great difficulty in the humid 
tropics where the soil-forming parent materials 
are extremely diverse and have a fundamental 
effect on the nature of the soils and where altera- 
tions in the mineral part of the soil during 
weathering and soil formation are profound and 
irreversible. The difficulties are considerably 
enhanced by the fact that the differences between 
the base rocks and their weathering products 
are considerably greater in the humid tropics 
than under different bioclimatic conditions. 


Therefore, when solving the problem of the zonal 
group we had recourse totwocriteria. The first 
criterion was that the properties of the zonal group 
should correspond to the biogeochemical conditions 
ofthe zone. Ferrallitic-margalitic soils do not fully 
satisfy this criterion (neutralreaction, high base 
saturation, and humus composition of the organic 
matter are not typical for the conditions of leaching 
and forest vegetation). Thetwo other soils satisfy 
the biogeochemical conditions ofthe zone, The 
second ecrviterion is that the zonal group should be 
the group that, within the bioclimatic zone, is 
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associated with the greatest diversity of soil-form- 
ing parent materials and with the widest range of 
their properties. The dark-red ferrallitic soils 

of permanently humid tropical forests are only as- 
sociated withtwo definite groups of soil-forming 
parent material -- basic igneous and intermediate 
rocks and marmorized pure limestones, The red- 
yellow ferrallitic soils of permanently humid 
tropical forests are connected with a far wider 
variety of soil-forming parent materials: 
various sedimentary and metamorphic acid igne- 
ous and acid effusive rocks. The red-yellow 
ferrallitic soils can therefore be taken as the 
zonal group for the permanently humid tropi- 

cal forest zone. 


Each of the three profiles described shows 
the most typical features of the groups to 
which it belongs. On the other hand these 
groups embrace widely differing soils that 
are clearly grouped into subgroup, genera, 
species, types, and variants. It is not, 
however, possible in a journal article to in- 
clude the vast amount of material needed to 
examine this question. I would merely note 
that the transitions between the groups, the 
differences of which are due to the nature 
of the soil-forming parent materials, take 
place as transitional genera and not transi- 
tional subgroups. 


Received August 1, 1961 
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SOILS OF THE HUMID MONSOON TROPICAL ZONE OF BURMA! 


V.G. ROZANOV and I. M. ROZANOVA, Moscow State University 


The humid monsoon zone is the most typical 
region of tropical Burma. It includes the 
coastline, the Tenasserim and Arakan low 
mountain chains, and the north and south of 
the central belt. Annual precipitation, 
which is highly seasonal, varies between 
2,000 mm and 5, 000 mm and the tempera- 
ture is consistently high (25°C-279C), 


The tropical evergreen and semi-evergreen 
forests of the coastal and low hill districts 
give way in the central belt to monsson mixed 
forests that shed their leaves in the dry sea- 
son. 


The commonest soils of this zone in Burma 
are red-brown tropical evergreen forest soils, 
which may also be called red loams (Chhibber 
[2] took the term from Fageler to distinguish 
these soils from red earths). They occur 
mainly on slopes up to 1,000 m above sea 
level in the Arakan and Tenasserim moun- 
tains and in the low mountain district in 
the north of the central belt, 


These soils form beneath a tropical forest 
canopy of exceptional luxuriance. The biologi- 
cal cycle is very extensive under these condi- 
tions and the humid monsoon tropical climate 
also promotes the development of a major 
geological cycle, thus leading to intensive 
processes of weathering and soil formation. 
Despite this the soil does not give the ex- 
pected impression of an old and thick forma- 
tion, apparently because of the general geologi- 
cal youth of tropical Burma and the intensive 


'This communication arises from studies carried 
out by the Burmese Land Utilization Office and di- 
rected by Soviet specialists. The production of a 
1: 253,000 soil map of the country, which was the 
main object of the work, has now been completed 
for approximately two-thirds of the territory. The 
soviet specialists B.G. Rozanov and M.S. Simakov 
worked in 1957 and B.G. Rozanov, I. M. Rozanova 
and I.I. Karmanoy in 1958 and 1959. The authors 
would like to thank U On Pe, the Director of the 
Burmese Land Utilization Office, and his deputies, 
U Pe Sain and U Tin Maung Chi, for their great 
assistance in organizing work and in supplying the 
best possible conditions for the normal work of 
the Soviet specialists. They are also grateful to 
Professor §.V. Zonn for critical remarks on the 
tGXE. 
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denudation and continual rejuvenation of the 
soil on mountain slopes. 


It has been suggested (formerly by Fageler 
[4] and for Burma by Chhibber | 2|) that red- 
brown tropical soils are the first stage in the 
development of red earths. Although the view 
of the evolution of these soils is clearly appli- 
cable in certain cases it does not negate the 
fact that they can be formed and are at present 
being formed in a way that bypasses the develop- 
mental stage. At all events the two genetic 
groups have a separate existence in Burma 
in different landscapes and are quite clearly 
distinguishable from each other by morphologi- 
cal, chemical,and physical indixes, and by 
contemporary soil loaming factors, 


The profile of Burmese red-brown forest 
soils is usually quite thin (not usually more 
than 1 m), but may reach 1.5 m-2 m on smooth 
levelled slopes. Nevertheless the profile and 
the genetic horizons are quite distinct. The 
surface humus-accumulative (A) horizon is 
followed oy a B horizon of clay accumulation 
beneath which there is a transitional B/C hori- 
zon in direct contact with the unweathered 
parent material. The parent material varies; 
it is mainly clay shales with a few areas of 
ultrabasic and basic crystalline rocks in 
Arakan and N, Burma, while in Tenasserim 
it is phyllites, quartzites, granites, and 
gneissose granites, Clay shales and 
phyllites are the usual parent materials. 


The soil is red-brown in color, varying 
from dark gray-brown or reddish-brown in 
the surface horizon to light red or even rose 
(on granites and quartzites) in the lower part 
of the profile. Color transition down the pro- 
file is as extremely gradual as the general 
transitions between the profiles. The upper 
soil horizon is quite friable, since it is 
greatly penetrated by roots, and its structure 
is stable and blocky. Lower down the structure 
gradually becomes coarser and the B horizon 
is somewhat compacted, Even lower down the 
structure once again becomes friable due to the 
presence of considerable quantities of rock 
fragments. 


The commonest variant of these soils is a 
thin red-brown forest mountain soil with con- 
siderable stoniness in the profile. This soil 
covers most of the steep mountain Slopes in 
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the districts mentioned previously. The B 
horizon differs greatly from the A horizon. 
Total chemical analysis (Table 1) clearly re- 
veals the relative accumulation of silicic acid 
in the upper horizon which is relatively 
deficient in sesquioxides. The sesquioxide 
content of B horizon is noticeably greater than 
that of the A horizon. Since there are less 
sesquioxides and clay particles in the upper 
horizon by comparison with the lower hori- 
zon in almost all of the Burmese soil groups, 
this is definitely not a specific feature of the 
red-brown forest soils. We are inclined not 
to see the whole explanation in leaching or 

in some sort of "tropical podzol formation. " 
Although there is certainly leaching and 
transportation of substances down the pro- 
file from the upper horizon, that is not the 
only process involved in the formation of 

this soil profile. A considerable part is 

also played by the processes of superficial 
removal of particles and metamorphic gleying 
in situ in the central and lower parts of the 
profile. Particle-size analysis of these soils 
reveals that the upper horizon contains con- 
siderably less of the clay fraction and that 
there is a corresponding relative increase 

in the sand fraction. The content of clay 
fraction is highest in the B horizon, where 
its content may be twice that in the upper 
horizon. It is most probable that this is 
associated with removal of clay particles 

in surface runoff during torrential rain 

and with the simultaneous intensive formation 
of clay in the soil layer. 


It is interesting to note that although soil 
texture invariably becomes gradually finer 
with depth (in particular the content of the 


clay fraction increases) adsorption capacity 
does not follow the same pattern. The adsorp- 
tion of these soils is generally low (10 meq- 
25 meq per 100 g of soil in the upper horizon) 
and remains invariable or even declines 
slightly with depth and is lowest on transition 
to the parent material. The exchange capacity 
of the soil is probably mainly associated with 
the clay and organic complex and not with the 
clay minerals, as has been confirmed for 
other soils. The soil is slightly acid but quite 
considerably unsaturated (Table 2). 


Red-brown forest soils are relatively rich 
in humus (3%-4% in the upper horizon), but 
there are quite considerable variations in 
humus content between soils. Thus, humus 
content is 5%-6% in the subgroup of dark red- 
brown forest soils and may even reach 10% on 
occasions. Humus content decreases gradually 
with depth. The C:N ratio in the humus varies 
between 10 and 13 in Tenasserim and between 
12 and 17 in North Burma. The considerable 
narrowing of this ratio down the profile is 
a general feature of Burmese soils. 


Provincial features in Tenasserim on the 
one hand and in Arakan and North Burma on 
the other are mainly associated with the 
petrography of these districts. Although the 
soils of Tenasserim contain more humus they 
are more acid, less saturated with bases, 
poorer in available compounds of phosphorus and 
potassium, and slightly richer in nitrogen. 


Little use is made of red-brown forest soils 
for field crops although a primitive form of 
clearance agriculture has been practiced on 
them in the mountain district. The peoples of 


Table 1 


Partial total chemical analysis of red-brown forest soils, % of sample dried at 105°C™ 


| 


Ignition} «; acy heh : : 
Bes Wisteict port Fee SiO, } Al,03] FexO;| CaO | MgO! MnO] P,;O| SO, se al 
— 
Peas 45|17 o0| 9 .alosvalglorlo 2aloonl mo as : 
(ei 42 74/04, yd Jy ’ iUyo ee nde ’ b - 
Sse eneeusr eee petit 12° 40144_71/26.7:| 12,810.88]. 15/0.24]0,01] 0.38 | 99/00 
100—110 14.95 45, 47(25 85112, 8510, 99 f,25}0,.21/9,02; 0,52 | 98°38 
1142/46, 98123,77|14,59|2,10]1 ,4810,30]0,02; 0.57 | 98.4 


140— 150) 


\ 


; | §.98174.47/15,27! 2,7610,11/0,0410,07,0,07! Not dete, 
SA | Mereut imal 19025 | 8100/69742118 11) 3137(0,21|0,04|0,09.0,071 : 

4042 | 8.20/66, 85/18, 74 4,32}0, 18/0 ,0610,07)0,06| 28,48 
a a ‘ , 1 4 oot D4) H 7 a ‘t ( + 1) 
100-110} | 9,28/58,01)29,49) 4,86)0, 21/0, 1310,07|0, 05} [88:00 
2 See 0.1013.941 7,44/0,4310, 3710, 08/0, 26] Not deta] 95 09 

sears —412 | 12,50/60, 1013, 94) 7,44)0, 43/0, 3770, 09/0, < b oUae 
SB pike he See | che 59 )5]18,30! 8.34|0,4810,57]0,11]0,18) 98.22 
e 6270 | 13,50 1d2,05124 81] 9,93]0,48|0, 57/0, 18]0, 14 97,6 

140150] 41.20/52, 10|19,12] 9,95[9,11)2,21]0,18]0,17] | 94,05 


241] the analyses in this work were directed by L M. Rozanova. 


Note: Comma represents decimal point. 
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Table 2 


Analytical data for red-brown forest soils 


Exchangeable tent of 
Hu- bases, meq/100 g Paes Pas ae eaeie 
D j BF ’ ? i 
PARTS] District |Depth, cm | pH mus,] C:N mied/A0( | aes peri 
: Ca | Mg | Total % 
2 Katha, O—12 | 6,8/4,31/13,5] 6,3 1,6 7,9 2,65 74,5 38 ,00 
sella Verna 45—57 | 6,5/1,26] 9,91 5,2141,41 6,61 4.34 60,6 | 47,81 
era l10 0-110] 6,310,909) — | 5:1} 019 | 6'0 | 3°64 62,5 | 39,72 
140—150] 6,1} — | — | 4,3 0,9 one Pal | 65,0 29,64 
125-K | Katha, O—40 | 6,5/1,36]10,4] 4,2] 3,2 | 7,4 2,18 77,4 12,44 
S| North 35—45 | 6,5 0,67] 9,3] 1,8] 0,9 | 2.7 4,67 62,8 | 22,88 
mend ge 7322837) 1645 |peas ese lero 45908209 2,65 51,8 | 31,24 
145—155] 6,0} — | — toh] als |) Dos 74.204 52,1 32,64 
5-A {| Mergui, O—12 | 5,9]1,48116,0 3531 2,9 1 Gee as 69,0 16,25 
Tenas- 12—25 | 5,6 |0,88]/10,4 2,41 2,4 | 4,8 2,63 64,8 16,80 
set 30—42 | 5,2|0,74) — AGN Vi aed bel 2,68 62,0 39,00 
100-110) 7552)) a ee 2y2} nego lea es eld 69,8 42,80 
eee ee | 00 
63-A | Mergui, O—12 | 5,6/2,32/1t,3| 4,4] 1,2 | 5,3 5,70 48,2 | 16,69 
aenas- | 20—30 | 5,0)2,20116,0] 2/5! 0.8 | 3°3 4,00 45,2 | 34,08 
serim 50—60 | 5,3}1,31} — | 2/5] 0.8 | 3.3 41,85 63°40 1a g4e79 
80—90 | 5,7) — | — 2,0\a1s0nleaes 7A 2ape 60,0 16,24 
4-B | Chin O—12 | 5,8/3,70/13,6 9 2re2eeeie11 29 0,72 94,4 22540 
eee 25—30 | 5,5 }0,88/10,21 7/81 4:3 | 12/1] 600 66,9 | 46.02 
pemime|#eG2-"70.|15.6,10041 7,0) 6321813021 tee5 75 69,8 49,25 
Note: Comma represents decimal point. 
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although it may be greater on levelled relief 
or on deluvium. Shallow soils may be found 
on the steeper slopes. Carbonates are nor- 
mally absent from the profile of these soils, 
except that carbonate varieties of yellow- 
brown forest soils are formed where there 
are outcrops of limestones in the clay shale 
beds; carbonate content increases gradually 
with depth and is greatest in the parent ma- 
terial. Yellow-brown forest soils are formed 
on Clay shales and Sandstones and in places (in 


Tenasserim for example) on acid crystalline 
rocks, 


ndant in the 


s of up to 590 


ater investigators 
and Coggin Brown (3) 
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orest soils have a blocky struc- 
ture and useful physical properties. As in the 
previous group the central part of the profile 
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These soils 


These soils also have apparent provincial 


features. In Tenasserim they are more acid 
and less base saturated and have a high humus 
content. 


yellow-brown 


Of the several subgroups of yellow-brown 
forest soils that differ perceptibly in agricul- 
tural and other indixes, particular mention 
should be made of dark, light, and meadow 
types. As with red-brown forest soils the 
surface horizon is clearly relatively impoverished 


The 
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Table 3 


Partial total chemical analysis of yellow-brown forest soils, % of sample dried at 105°C 


Be District 


SiO, Al,0; Fe,Q,; 


! | 
—$<$$—$$$ 


Depth, |Ignitio 
(© 


m losses CaQ|} MgO | MnO} P.O, | SO, | Total 


517-W Taungeyi, 5—15 | 10,72/72,35/10,35] 4,96]0,28] not | 0,24] Not | Not 
oe det'd. det'd. | det'd 
25—35 | 9,71/63,15/19,61; 8,2510,18] 0,09} " 
67—75 | 9,54/61,69/20,52| 9,05/0,46] « 0,414) is 
105—115] 9.87]62,38]15,75| 8.80]0.53] O41} " 
7-B | Chin | 0—8 | 15,70/64,76113,37| 3,98/0,15] 0,29 | 0,13] 0,20 | » 
oe 30—35 | 8,13167,85/24 36] 3,28/0,25] 0,63 | 0,13] 0,12 | 
rakan { 60—65 | 6,80/68,34116,71| 4,67|0,41] 1,18 | 0,131 0,14 | 98 ,05 
1-A Bere O—10 | 7,81179,56] 9,39] 2,0210,16} 0,09 | 0,02] 0,06] ” 99,11 
Bee 27—37 | 8,69/68,37|17, 22] 3,2910,14] 0,33 | 0,05] 0,09} ' 98 18 
68—80 | 7,95/62,48]23,03| 4,0410,16] 0,15 | 0,05] 0,09 | 97 ,95 
110—115} 8,75|/59.36}23.90] 5.80}0.18] 0.04 ‘ m 98.34 
35-P | Shwebo, O—12 | 7,52173,69111,98! 4,79]0,15} 0,93 0,28 | 99,40 
North 54—66 | 7,16174,15]12,19] 4,7910,13] 0,64 0,35 | 99,48 
Burma 90—102] 7,00174,63/12,08| 4,3310,10] 0,57 0,35 | 99,24 
150—155 0,24 


Note: Comma represents decimal point. 
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Analytical data for yellow-brown forest soils 


re AED) eaten 
cations, me : ontent o 
y Hydrolytic : 

estat Hu- C:N {0c acidity, |Base satu- particle 
District Depth, cm| PH |mus,| ©:? meaq/i00 ration, % diameters 

% Cat eM. sl poe 

g |Tota g mm,% 

ve eee | 

517-W | Taunggyi, 5—15 | 5,6/4,18112,7) 4,2) 6,7/10,9, 6,84 61,6 23,00 
Pegu Yoma OE Oo Oe lech oe lh DSO tae 5,86 60,8 33,15: 

G7 Towlor tO; O2heGywee sa pe454 [hyo 5,36 54,9 31,95 

405-2415 527) — be 2.6L Aoi 5,30 o7,2 26,75 

a Bl Ne ea iy | a ae [Sees Se ae 


7-B_ | Chin Hills, 08 |. 6,115, 94}12,6] 4,1] 6,8! 7,9) 5,69 57,9 33,92 
Arakan 30—35 | 6,0/0,81] 9,5| 2,1] 4,2] 6,3} 3,79 63,0 36,17 
60—65 6,0 0,2 7,3 het) 2,0 4,2 3,01 58,3 25,10 
( 
ee ee | ' 
. Mergui, Ten- O—10 | 5,4/1,41}11,3 13,68 
A Beserinn sy Py Pa a Mi lie) Lac 36,64 
68—80 | 5,0}0,64) 6,5 45,76 
41021802050 Seer | = 39.40 
35-P Shwebo, o—12 | 5,€|0,61/11,0 SiO 
; North Burma] 54-66 | 5,§|0,24] 6,5 39,14 
90—102} 5,6)}0,20; — 35,82 
450—155} 5,6/9,.10[ — B02 
eee LS 
209- Myitkyina, O—10 | 6,7}1,08} 8,0 
209-K Nerth Burma == OMLOrT TROT ee 
55—65 | 6;210,721 5,5 
400—110| 6,4]0,50| — | 4.4 


Note: Comma represents decimal point. 
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of sesquioxides (Table 3) and clay particles, 
which are most plentiful in the center of the 
profile. It should, however, be noted that the 
redistribution of the elements within the soil 
layer is less pronounced than in the red-brown 
forest soils; the soil profile is more uniform 
below the A horizon. Allitization is also slightly 
less pronounced in yellow-brown forest soils 
(Table 4). 


The soils have a slightly to strongly acid 
reaction with a distinctive geographical 
distribution of acidity. The pH of the upper 
horizon is between 6 and 6.5 inthe soils 
of North Burma (average 6. 3 for 20 profiles) 
decreasing to 5-6. 5 (average 5. 6 for 26 pro- 
files) further to the south in Pegu Yoma and 
reaching its lowest values of between 4. 5 and 
5 (average 4,9 for 9 profiles) in Tenasserim. 
Adsorption capacity of yellow-brown forest 
soils is not high and the level of base satura- 
tion, which varies between 30% and 80%, re- 
veals the same geographic distribution as 
soil acidity. 


Since these soils are most favorably 
situated it is natural that they should be 
widely used for fruit and rubber plantations 
in the south, 


The lateritic soils found in places in south 
Burma are very similar in appearance to 
yellow-brown forest soils. The total area 
of lateritic soils and laterites in Burma 
is slight and they are confined to the southern 
tip of Arakan, the southern end of Pegu 
Yoma and the Tenasserim seaboard, especi- 
ally in the Moulmein district. 


We distinguish laterites and lateritic soils, 
the first being variously allitized weathering 
crust Similar in external features to the 
definition given many years ago by Buchanan 
(1). In this "classical" definition laterite is 
a fairly dense but comparatively easily 
worked variegated soil of cellular structure, 
rich in the hydroxides of iron and aluminum 
that hardens fairly rapidly on exposure to 
the atmosphere to form a quite durable 
building material. 


Laterites of this type have been described 


in South Burma, where before the war thousands 
of tons were produced annually by opencast work- 
ing, mainly for the construction of roads and 
secondary buildings. When laterite has an 
earthy appearance it has always been formed 

at depth and emerges at the surface when 

the surface layer of soil has been entirely 
removed by erosion after the felling of a forest. 
This is clearly apparent in the vicinity of 
Rangoon. In such cases a ferruginous layer 

of laterite that has been exposed to the at- 
mosphere and is already quite hard is exposed 
at the surface. As laterite hardens or "ages" 

at the surface its relative enrichment with 
sesquioxides is further increased since the 
softer accumulations of kaolinite are mechan- 
ically washed out to leave only the iron- 
aluminum matrix, 


The two species of laterite that are dis- 
tinguished are pisolitic and vermicular (cellu- 
lar). In Burma a lateritic crust always con- 
sists of pisolitic laterite underlain by vermicu- 
lar laterite. The former, which usually con- 
tains more iron and aluminum, is usually 
shallow (not exceeding 1 m) whereas the 
latter may be many meters thick. 


It is thought that laterite is always very rich 
in sesquioxides and almost devoid of silicic 
acid. This is not true for conditions of Burma. 
The considerable range of sesquioxide con- 
tent in Burmese laterites is related to the extent 
of lateritization and also, probably, to the 
composition of the initial parent material. 
Table 5 shows analytical data for a typical 
Burmese laterite from laterite open-pits 
50 km to the north of Rangoon. Laterite is 
here produced for road building. The R,O, 
content reaches 30% and the piezolitic laterite 
(90 em-100 cm) is richer in sesquioxides than 
the lower lying vermicular layer. In other 
cases R,O, content may not exceed 20%. It is 
only in laterites that have already been "aged" 
to a certain extent that R,O, content may in- 
crease to 40%-50%. It should be added that the 
"ageing" of laterite is commonly accelerated 
in Burma before it is used for road making 
and small blocks are often made up of friable 
masses, 


Laterite is never found on mountains or 


Table 5 


Partial total chemical analysis of laterite, % of sample dried at 105°C 


Depth, cm gnitionlosses] SIO, 


90—100 
240—250 
eee 

Re 80400, 
380—400, 
White cells 


Note: Comma represents decimal 


514,02 
56,61 
56,79 
44,13 


67,00 


point, 
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Table 6 


Partial total chemical analysis of lateritic soils, % of sample dried at 105°C 


toy We Pe a eniti ; | 
No. | District [Depth, cm eee SiO, | Al,O; |Fe,O,] CaO] MgO] MnO | P,0,] SO; | Total 


7-A | Pegu, | 0—12 | 3,88 |71,19/20,28 


2,35)0,1510,34 0,03 0,008 0,43 | 98,69 
Beeu B04 87.054 63, 43]19, 30/6 82/0, 23/0, 33 0,02 |0,003! 0,07 | 97,77 
oma | 12-84) 16579 63,74/18,54\7 ,48)0,43]0,33 0,02 ee 0, 241.97 27 
138—145! 7,03 |62,42/19,42'8,07/0.2210,52! 0,02 (0,001) 0,11 | 97,81 

H | | 
1-B Insein, 0--12 | 2,06 90,861 3,70)0,86 0, 6910,05 N. det'd. | 0,14/n.det'd, | 94,34 
bide 42—57 | 3,34 |84,76111,2212,0610,2610,06] 0,14" 101,78 
oma 72—87 | 3,415 173,42/14,15/8,2710,4010,07} —" 0,09) 1" 99,56 
405—117| 5,02 170,38 168116 93tracal0 07 " 0,06} ™ 99 27 
135—150] 6,24 175,92! 9,95!4,80/0,29/0,05| " 97,17 
160—175| 4,71 |73,77|12,68]/6 ,97trace),05} 0,03} =" 98 , 20 
205—220] 5,29 174,39}16,15/4,56/0,33]0,05} 0,06} =" 100,78 
275—290] 4,26 176,71114,50/4,59|0,20/0,07} " 0,07 " 100,40 
360—375] 5,59 174,06/14,7915,11/0,15/0,08) OLOG i a3 99,84 


Note: Comma represents decimal point. 


Table 7 


Analytical data for lateritic soils 


Exchangeable 


cations, meq/ Content of 
: 100 g Hydrolytic [Base satu-| particle 
rofile aaa aaa ae diameter 


District Depth, cm] pH ay C:N 


No. 


Ca 


acidity, |ration, % 
meq/100 g (0.002 mm 
Mg {Total by 


7-A |Pegu, Pegu 0-12 | 4, 213,,02)15 70) 3, 0)21,9) 459 7,60 aL) 16,51 
Yoma 30—2Z0 13,811.44) 18, 2ied52) 1,7) 2,9 20,0 36 ,04 
75—85 | 4,010,72) 6,1) 41,3) 4,3] 2 18,0 33 ,82 
440—150| 4,1/0,70| 7,3} 0,7} 1,9] 2 16,3 32,93 
02-K | Maubin, O10 104 otte24) 9,1 1,71 2,0 4 61,5 16,54 
Delta 20—30 | 4,8]0,85]10,8] 0,8] 0,6 4 ¢ oa73 31,60 
HO-5Os1 4, S\Oboal ere cid Ol aol 2 ee 40,0 2lee 
150—160] 4.9 | oe] 028] 4 25.5 | 34.40 
4-B_ | Insein, O12 1-471 tea, 2) 1521-3 y 44,9 7,90 
Pegu Yoma L957 | 45510 ,6610, 21-2,8! 0,9) 3 sats 42,0) 23,04 
12-81. | 4 di0e25|09, 41. 20). 0,8) 2 Ze Sore 23,62 
405—417| 4,5} — | — | 2,9] 0,8) 3 RA 46,1 Lom 
435—150] 4,7] — | — | 2,3] 1,21 3 3450 25,63 
160—175| 4,6] — | — | 2,5} 1,6] 4 34,14 34,68 
205—220| 4,5]0,07} — } 2,0) 1.2] 3 29,0 33 , 20 
975—290| 4,5} — | —-] 2,8] 0,9) 3 29,3 33,91 
350—375| 4,5| — | — | 2,5} 0,8] 3 25,0 Aled? 
Note: Comma represents decimal point. 
mountain slopes in Burma. This would seem Laterites forms at the foot of gentle hill 
to throw some doubt on the classification of slopes or slight rises of the order of 200 m- 


‘mountain laterites'' made by some authors. 50 m of lowland plains, and is never found at 
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altidudes of higher than 100 m-150 m above 
sea level in Burma, The only exceptions 
are two flat marshy basins of lacustrine 
origin in the Shan highlands, which are edged 
by lateritized soil. 


In Burma laterites form either on Tertiary 
clay shales and sandstones in Pegu Yoma or 
on more ancient phyllites, granites, and gneis- 
sose granites in Tenasserim. 


Lateritic soils are soils that develop on 
a laterite weathering crust or on laterite. 
It is not possible to classify all soils with 
some degree of allitization as lateritic soils 
although this is often done in the literature. 
In such a grouping all the red earths, red- 
brown forest soils, and certain other soils 
have to be combined with lateritic soils al- 
though their properties do not show any 
common features. 


The structure of a typical lateritic soil pro- 
file is as follows. The soil layer itself is 
approximately 100 cm-120 cm thick and con- 
sists of an upper humified yellow-gray 
A horizon 15 cm-25 cm thick and underlying 
it a yellow, brownish-yellow, or grayish- 
yellow homogeneous B horizon. Below this 
there is a layer of pisolitic laterite 50 cm- 
100 cm thick that gives way gradually at a 
depth of 150 cm-200 cm to vermicular laterite 
which is several meters and sometimes as 
much as 10 m-59 m thick. 


Total chemical analysis (Table 6) clearly 
reveals the relative enrichment of the surface 
horizon of these soils with silicic acid and the 
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corresponding reduction in sesquioxides. Dis- 
tribution of the clay content throughout the 
profile matches the sesquioxide distribution, 
i.e., texture is coarse in the surface horizon 
and clay formation is greatest in the lower part 
of the profile. Lateritic soils differ from 
yellow-brown and red-brown forest soils in 
that clay formation is greatest considerably 
below the center of the profile in the B horizon, 
i.e., in the vermicular laterite beneath the 


soil horizon. 


The distribution of soil acidity throughout the 
profile is a distinguishing feature of lateritic 
soils (Table 7). It is only in lateritic soils 
that there is a gradual increase in hydrolytic 
and exchange acidity down the profile -- the 
reverse being the case in all other soil groups. 
Even in lateritized red earths and sierozems 
or in lateritic-gley soils acidity is increased 
in the lower part of the profile. There is a 
corresponding slight decrease in pH. A strong- 
ly acid reaction is a typical feature and adsorp- 
tion capacity is not large. Base saturation 
varies between 40% and 69% in the upper horizon 
and gradually decreases with depth as acidity 
increases, 


Lateritic soils are widely used for rubber 
plantations. Fruit crops do not do as well as 
on the thick red-brown or yellow-brown forest 
soils because of the nature of the root system of 
rhs plant which fails to penetrate the laterite 
ayer. 


Mention should also be made of the existence 
of a group of meadow, bog and alluvial river 
valley, and delta soils that are of great 


Table 8 


Analytical data for 


| 


Exchangeable cations, 


mangrove forest soils® 


Base satu-/Content 


peti eae ! Hae meq/100 g Hydrolytic ration, % 
Nos istrict |Depth,cm | pH |mus,|c:N S| Beri hare, 
% ; meq/100¢ 
; (Hq Mg | Total PO, | Ks 
peeve) Reet Genes | ee 
18 | ee | 
18-K | Myaung- | 0-8 | 5,7)/8,57)16,6] 22,3 | 24,4 | 43,71 0,167 we 15,2) 32,60 
| mya, 15—20 | 5.6)2,92, 8.7) 8.1 | 20.4 | 28,5] 0,162 | 7,91 7,9] 37/90 
| Delta 89—A5 ro,G/L 73) 755) 72 | 2841 30.4 | 0.453 16-4) 1G. ale asesn 
| GOTO AG; tee ee a Gh tT. Bal 2454 le, 5076 ng) mee re 
125—135] 6,5] ech | peed fal ee ler | — 
| 
701-K porul O10 MESO eat ora 12.06 test legs Lal Hei] 1% 
Delta 25—35 | 6,211, 40114521 5,8 | 45,2 1-90,5 | 1 ogt) | 826h 8 aleng ag 
92—105] 6, 310,51] 7,3) 5,3] 18,5 | 23'8 | ofse0 | 6lél 6'4] 35290 
218-K | Papun, 0—10 | 4,3/4,10] 9,7] 10,8 | 18,91 29,7 | 1,300 f14-5H1.61 33.95 
elta 255 6.2) 4 7,0) 4,5 | 18.2 | 227 | 2305 He 7.01 40,00 
77-85 | 601,11] S54] 92.5 781,% | 23,9 10.8010 opel nee 


AT ruog's method was used to 
potassium compounds were dete 
determined by Knop's method. 


Note: Comma represents decimal point, 
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determine the content of available forms of i 
¢ phosphorus. Availab 
rmined by Aleksandrov's method in 1 N NaCl pare Hurts ae 
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agricultural importance, The majority of 
these soils have been greatly altered by culti- 
vation since the commercial production of 

rice began in Burma a century ago. They have 
already been dealt with to some extent in the 
literature (5) and will not be further ex- 
amined here, 


The mangrove forest soils that are widely 
distributed along the Burmese seaboard are 
distinctive. There are two main types of 
mangrove forest, one of which is rhizo- 
phorous and is inundated daily by the tide and 
the other of which is only inundated by periodic 
high tides. In the first and narrower coastal 
strip the soil is a saline sticky clay that is 
constantly saturated by sea water. The 
second belt contains true soil profiles that can 
be divided into genetic horizons. The saliniza- 
tion of these soils decreases gradually as the 
distance from the shore increases, All the 
soils are strongly gleyed. These soils be- 
cause of their striking content of humus and 
available nutrients are highly suitable for 
rice. Clearing forests and a little diking 
are all that is necessary to lower their 
salinization quite rapidly and yield excellent 
results, 


These soils differ in salt regime (Table 8) 
but in general it can be said that they have 
evolved by gradual desalinization as result of 
continual and rapid accumulation of dry land 
and retreat of the sea. The distinctive 
feature of mangrove soils is that they are 
much richer in magnesium than calcium 
compounds. 


This account of the main genetic soil groups 
in the humid monsoon tropical zone of Burma 
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does not of course exhaust the diversity of the 
soil, especially since there has been scarcely 
any description of the various subgroups, 
genera, and species; this would be impossible 
in a Single article, even if it were not the 
first description of the soils of Burma as a 
whole. All that has been attempted is to 
describe the dominant basic soil groups that 
determine the landscape of the zone. 


Received April 15, 1961 
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HUMUS AND ITS ROLE IN THE GENESIS OF CERTAIN TROPICAL 
AND SUBTROPICAL SOILS OF CHINA 


TU MEN-CHAO, V. V. Dokuchayev Soil Institute, Forestry Laboratory, USSR Academy of 


Sciences 


The composition of the mineral part of the 
soil has in the past attracted most attention in 
studies of the genesis of tropical and sub- 
tropical soils in general and especially in 
China. Particular significance has been 
attached to the SiO,:R,O, ratio as an index of 
the weathering of the soil-forming parent 
materials and of the development of the 
process of lateritization or allitization in the 
soils. 


Least attention has been paid to the com- 
position of the humus, its relationship to 
vegetation, the conditions under which it is 
decomposed and the interactions between the 
decomposition products and the mineral part 
of the soil. 


This one sided approach to the genesis of 
tropical and subtropical soils was due to 
underestimating the part played by biological 
factors in tropical soil formation. A contribu- 
tory factor here was the not entirely correct 
view that organic residues have little effect 
on the mineral part of the soil in the tropics 
owing to the rapidity of their decomposition 
and mineralization. The bright yellow and 
red colors of the soil were of no less im- 
portance since they led investigators to 
concentrate their attention on the total content 
of Al, Fe, and Mn and forms of their com- 
pounds as the indixes most likely to reveal 
differences in soil genesis, 


The development of integrated (biogeoco- 
enotic) studies of the soils and vegetation of 
the subtropical and tropical regions of China 
has meant that more and more attention has 
been paid to the composition and properties 
of humus and to the interactions between 
various types of vegetation and soils. This 
has arisen both because the extent of humus 
accumulation is one of the most important 
indixes of soil fertility and because its compo- 
sition and properties can be used as an objective 
criterion for the explanation of soil genesis 
and for evolving a classification. These as- 
pects have recently been studied by Zonn (11) 
and subsequently by Zonn and Li Cheng- 

Kvey (9) who have demonstrated that the 

basic differences in humus composition in 
the tropical and subtropical soils of China 
are related to the nature of the vegetation 
and to alteration in the climatic conditions 
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governing decomposition (humid evergreen 
and deciduous forests, savannahs, and tree- 
less expanses). UDzhi-Khua (8) has described 
the composition of the humus of certain sub- 
tropical and chernozem soils. Nui ching Wén 
(6) has dealt with the nature and properties of 
humus in certain tropical and subtropical soils 
in south-western China (Yunnan Province) and 
in the northern part of Democratic Viet-Nam. 


My object was to study the composition and 
forms of association of humic matter in the 
most typical soils of the tropical and subtropi- 
cal area of southwestern China (Yunnan 
Province) to reveal its relationship to the bio- 
climatic conditions of decomposition and to 
altitude gradients (vertical zoning). Some of 
the results obtained are given below. 


Brief Description of Research Aims and 
Methods : 


Five soils collected by S. V. Zonn in the 
tropical and subtropical parts of Yunnan Pro- 
vince were selected for study. The following 
are soils formed under typical monsoon tropical 
conditions, 


ferns! 760 m above sea level. Soil is a tropical 
yellow over-mature yellow earth developed on a 
lateritized thick fine earth. 


Profile XXXIV. From the vicinity of the 
Red River on the road to Ting Ping. Vegeta- 
tion of savannah type possibly secondary, 
after the thinning and cutting of tropical 
deciduous (dry) forests, Altitude 280 m. Soil 
cinnamon-brown -- red earth developed on the 
clayey eluvium of limestones. 


Soils formed under the following conditions 
were selected from the humid tropical zone, 


‘Described in greater detail by Zonn and Li Cheng- 
Kvey (10) 
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Table 1 


Some climatic indixes for southwestern Yunnan 


Precipitation 


A850 1895 Mags 


a | humid 
V—IX | X—Vv |Annual | VI—X | x—v [Annual] y—Ix | x—y |Annual | p” 
| ! | —_ 
Tropical | 
humid 938, 6| U2 2 WA Ak None Pil 2 20,8 23,9 None 
Tropical | 
dry 547.8] 226,8| 774, i retehS et Pag le de) O70) Wa) ly Pl Paes Boa) 65 
Subtropi- | 


9] 424 | 991 | 1415 | 21,0 


986,5 468, 4|1 454 


Notez Comma represents decimal point. 


Profile XXXV. From the vicinity of Kedzu on the Nanoshan ridge (near the Tea Experiment 


a flat-topped limestone ridge. Now covered Station of the same name) beneath humid ever- 
by fine grasses with remains of humid subtrop- green subtropical forest. Altitude 1790 m. 
ical forests. Altitude 1340 m. Lateritic soil 
with concretions developed on old alluvial Profile XXX. Subtropical sierozem developed 
deposits underlain by limestones. on gneiss eluvium at an altitude of 2200 m on 
a ridge near Ting Ping, (Southern Yunnan near 

Profile XVUL Subtropical yellow earth de- the Laotian border) beneath evergreen moss 

veloped on granite eluvium from the vicinity of forest with bamboo underbrush. 
Table 2 


Some indixes for the chemical composition of the soils 


Content of exchangeable 


Ho Eee of Molecular ratios cations, meq of absolutely 

Profile |Depth, [Yee a RS SE 
He. cm |pen siO, | Sid,: 

Sion | SiOz | Al:Os | Fe20s/SiOz:R2Os] 2 A1,0, | Fe,0, | C2 |Me**| Ht | AI) Total 

et 

I | 3—10| 4,9 /63,49/19,18) 6,24) 4,64 OROLN IER 0,82/0,3010,25/2,57 3,94 

15—25| 4,9 |61, 20/21 ,32| 6,86) 4,04 4,87 | 23,70] 0,35/0,20/0,17/3, 41] 4,23 

4/9 161 ,17\21 25) 7431|~ 4,01 4,88 | 22,24] 0,47/0,20)0,27/2,84| 3,76 


XXXIV | 0—10} 6,0 |49,35126,23/10,36] 2,55 3,19 | 12,66/19,56/2,81] None |22,37 
20—30] 6,3 152 ,29124,49) 9557) 2,90 3,63 | 14,53119,98]/2,35 ‘ 27633 
7,3 (53, 20/26,68} 8,79]: 3,38 54 41115,771: 


—10) 6,8 12; : 4,1 ; 8, 34/1, 9,64 
15—25| 615 48,08|24,57|12,67| 2,55 | 3,32 | 414,04] 6 20/1, 7,46 
70—86} 6,0 44,51 2809/14, 54 2 Oye 2,69 8,14) 4,1610,90 ' 5,06 


XVITV 4) 7—13) 4,4 143, 34)/29,,25/10 ,66) = 2,08 2,52 | 10,80) 1,65)0,61)0 1712,75 9,18 
20—30| 4,4 |42,79/31,45)11,18) 1,88 Bote1-40, 18) -4,19)0,3010,1712,29) 3,95 
47 40 qaoloegcel los, 2595 2,40 | 10,46) 0,82)0, 3010 14/14 2,66 


40—50) 4 


| 
910,99)0, 4213, 919|10,89 


ak 4,5 (38, 27/2 pe id Wo Rt ,21] 5,49) 
10—18) 4,4 [43,79 21 ,48)12,57) 2,53 | 3,47 | 9,34) 1,67)0,46]0,35)3, 612] 6, 10 
20—30) 4,4 |44,11)19, 93/15, 02} 2,53 | 3,75 | 7,80) 1,54/0,29/0,35)2, 6) 4,79 

| { 


Note: Comma represents eer point. 
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The last two soils differ from the first in 
having developed under conditions in which 
vertical zoning is Ceoay apparent in subtropi- 
cal soil formation. 


Some of the climatic indixes of these dis- 
tricts are given in Table 1. 


The conditions of humus formation differ 
fundamentally in each of these zones. 


Although total annual precipitation is 
Similar in the tropical and subtropical zones 
the former has a less humid dry season than 
the latter, in which annual precipitation is 
also higher; this indicates that conditions for 
the decomposition of organic residues are 
more favorable. Decomposition is also 
facilitated by the lower air temperatures in the 
subtropical zone (6°C lower than the tropical 
zone in the rainy season and 5°C lower in annual 
mean temperature). 


In the dry tropical climate of the Red River 
valley temperatures are higher throughout 
the year and there is a marked reduction in 
precipitation and increase in evaporation. 


*Chen!' Shi-Syun' (2) mentions that vertical 
zoning of climate and vegetation is clearly revealed 
in Yunnan Province. 


The differences between the soils of the humid 


and dry tropics are most fundamental for some 
chemical properties (Table 2). The soil of 
the humid tropics (profile I) is acid, and has 
a reduced content of Al,O, and Fe,O, and a 
lower total exchangeable cations, among 
which Al predominates, The reaction (pH) 

of the soil of the dry tropics (profile XXXIV) 
varies from neutral to slightly alkaline (in the 
lower horizon) owing to the influence of the 
parent material, The Al,O, and Fe,O, content 
and the total exchangeable cations are higher. 
The exchangeable cations are Ca and Mg. 


Soils of the humid subtropics with acid pH 
have a higher total exchangeable cations and a 
higher Al,O, and Fe,O, content (profiles 
XVIII and xkx) than do the soils of the humid 
tropics (profile I). The only soil that does 
not fit this generalization is that of profile 
XXXV that has a neutral reaction in the A hori- 
zon and a more acid reaction and corresponding 
alteration in the content of exchangeable Ca and 
Mg in the lower horizons, It also contains the 
greatest amount of total Fe,O,, the quantity 
of which increases with depth. There are 
many iron concretions in the A horizon owing 
to precipitation of Fe by alkaline solutions car- 
ried by surface runoff from higher areas, It 
is mentioned in the literature (4) that Fe is 
precipitated from soil solutions as concretions 
and other formations when its content is more 
than 12%, It is highly probable that the 


Table 3 


Humus and nitrogen content in the soils 


Profile : F Humus® | 7tal N, 
| “No. Soil and vegetation Depth, cm (CX 1,724) ot soil C: 
Tropical 
I Yellow earth beneath humid over-maturd 3—10 Shara 0,20 9,30 
forest with fern, Altitude 760 m (525 ZOO 0,14 ood 
30—40 st Ohl OR 2 ) 2B) 
XXXIV Cinnamon-brown -- red earth beneath O==10 9 
deciduous (dry) forest. Altitude 280m Bue alae Ne a 
Bie ireu hs gles 0,24 4,29 
60—7U 
Subtropical 
DOO, ON Lateritic soil with concretions beneath 210 onoD 0,25 8,24 
herbaceous vegetation. Altitude 1340 45—25 1,81 047 6.18 
m 35-45 9\ Ny 0 Goer ah 4,00 
XVIII Yellow earth beneath evergreen forest, Talk 8.48 ‘ 
Altitude 1790 m 209) | 6°96 0°38 12°96 
40—50 1,78 0,16 6,50 
X Yellow earth beneath moss-bambo9o9 an 5 
XX evergreen forest. Altitude 4209 m ae fen ud 420% 
20 —30 


a : > 
Carbon content given in Table 4, 
Note: Comma represents decimal point, 
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concretions in this soil were formed in this 
way. There are no marked differences be- 
tween the soils in pH and SiO, and Fe,O, 
content. The clearest differences are in the 
composition and content of exchangeable cat- 
ions, probably as a result of the composition 
of the vegetation and the conditions under 
which humus accumulated. 


The following indixes were studied for 
humus: humus content (determined by Tyurin's 
method) and total nitrogen content (Kjeldahl) 

roup and fraction composition of humus 
Civarin's outline); humus compounds com- 
bined with Fe and Al (determined by Alek- 
sandrova's method [1]) and optical density of 
the humic acids (by Kononova's method [5]). 


> 


Amount and Composition of the Humus 


Data for the amount and distribution of 
humus, nitrogen, and C:N ratio in the soils 
(Table 3) show that considerably less humus 
and nitrogen accumulates under humid tropi- 
cal conditions (profile I) than under dry tropi- 
cal conditions (profile XXXIV). Similarly 
the C:N ratio is wider in the former than in 
the latter. The reasons for such an alteration 
are associated both with the composition of 
the mineral part of the soil and with the 
nature of organic conversion at the surface. 
According to Zonn and Li Cheng-Kvey (10) 
up to 80% of the litter is decomposed in the 
forest in which Profile I was excavated 
during the rainy season. Nevertheless 
humus content does not exceed 3. 2% in the 
upper horizon. It is probable that most of 
the decomposition products from the litter 
are washed from the profile. That this 
washing is not a marked feature of the cinna- 
mon-brown; red earths are indicated by the 
fact that there is a marked decline in humus 
content with depth. In these soils the humus 
is largely combined with the mineral part 
of the soil due to the increased content of Ca 
and Mg. The C:N ratio is also increased, 
Humus accumulates more in the soils of the 
subtropical zone than in those of the tropical 
zone, There is also an increase in the 
thickness of the layer of active humus ac- 
cumulation despite the low content of ex- 
changeable Ca and Mg in the soil (profiles 
XVII and XXX). The C:N ratio is subject 
to wide fluctuation, 


Composition of the humus compounds, 
(Table 4). There are two distinct types of 
humus formation under tropical conditions, 
first is humate-fulvate formation in soils be- 
neath humid tropical evergreen forests. In 
these soils the ratio of C of the humic acids 
to C of the fulvic acids varies from 0, 59 in 
the upper part of the humus profile to 0, 91- 
0. 82 in the lower part. Such change in the 
ratio would appear to indicate that there has 
been movement of the humic acids through 
the profile. This is particularly emphasized 
by the distribution of fractions I and IIT of 
the humic acids. The distribution of the fulvic 
acids indicates that only fraction Ia and part 
of fraction III have been subject to any consider- 
able outwashing. Fractions I and II on the 
other hand are less available; they accumulate 
in the upper 25 cm of the soil and are probably 


The 
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combined with the sesquioxides of Fe and Al. 
The considerable content of hydrolyzed carbon 
and the low carbon content of the soil residue 
also confirm that the humus compounds are high- 
ly mobile because of outwashing and consumption 
by micro-organisms and animals (especially 
termites). The relatively high percentage of 
carbon, extracted by alcohol-benzol, in the 
composition of the humus is most probably ; 
associated with the increased amount of tannins 
and similar substances in evergreen leaves. It 
is not yet clear why the amount of carbon ex- 
tracted by decalcification should be relatively 
higher than in other soils. 


The second type of humus formation is humate 
formation. This occurs in soils beneath dry 
deciduous tropical forests developed both on 
carbonate and noncarbonate parent materials. 
According to Zonn and Li Cheng-Kvey (9) the 
ratio of C of the humic acids to C of the fulvic 
acids is greater than 2 in soils formed on non- 
carbonate parent materials. On carbonates it 
increasés to 4, 04 by reason of the predominance 
of humic acids (up to 53. 4%) over fulvic acids 
(11%-14%) inthe composition of the humus. 


The humic acids that are most subject to 
movement are fraction I and, in part, fraction 
I. Fraction II is leached only from the upper 
20 cm of soil and accumulates in the A, horizon 
at a depth of 20 cm-30 cm. The most mobile 
of the fulvic acids is fraction IT some of which 
moves to a depth of 35 cm-45 cm. It therefore 
follows that it is mainly brown humic acids that 
are mobile in soils of this type. Ca humates 
are also partly mobile and this points to their 
known instability. It would appear from the 
even lower content of hydrolyzed carbon and of 
carbon in the soil residue that accumulation of 
mobile humus compounds predominates, This 
is also revealed by the low quantity of carbon 
extracted by alcohol-benzol and given off by 
decalcification. 


One possible reason for the accumulation of 
free brown humic acids is the lower content 
of mobile Fe and Al compounds in these soils, 
Denisov (3) and others have shown that they 
may be transformed into oxides that are only 
slightly soluble when the soil is dry for long 
periods and soil temperatures are high, 


The composition of the humus is more 
varied in the soils of the humid subtropics 
owing to alteration in the bioclimatic condi- 
tions under which plant residues are decomposed 
and to the composition of the mineral part of the 
soil. A more acid fulvate humus in which the 
ratio of C of the humic acids of C of the fulvic 
acids ranges from 0, 42 in the upper horizon to 
0. 27 in the lower horizon is formed beneath 
herbaceous vegetation, Fulvic acids of frac- 
tion Ia and humic acids of fraction III are 
formed in the largest quantities in these soils 
and are most subject to movement. Only small 
quantitites of the remaining fractions of these 
and other acids are present and there are no clear 
distribution features. The content of hydrolyzed 
carbon is strikingly high (from 14.6%to 17, 1%): 
this distinguishes the soil from all the other 
soils. It is highly probable that this fraction 
Owes its presence to its combination with less 
readily soluble iron compounds formed on the 
precipitation of iron as concretions. The carbon 
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yielded and XXX) have a higher accumulation 
of humic acids in the upper horizons than 
does the soil beneath tropical forest and 
subtropical herbaceous vegetation, as noted 
by Zonn and Li Cheng-Kvey (10, 11). Humic 
acids decrease and fulvic acids increase with 
altitude as the nature of the vegetation and 
especially the ground cover changes. Thus, 
whereas the ratio of carbon in the humic acids 
to carbon in the fulvic acids in the soil varies 
from 0. 99-1. 29 to 0. 64 at 1780 m its varia- 
tion through the profile at 2200 m is from 0. 68 
to 0.42. In both cases the ratio decreases 
with depth. 


The soils differ from the soil beneath tropi- 


a 
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a - tropical yellow earth; 
with concretions; 


- Optical Density of Humic Acids. 
b - tropical cinnamon-brown -- red-earth; 
d - yellow earth, altitude 1740 m; 


cal forest in that the dominant fraction of the 
humic acids is fraction I, especially in the 
upper horizons. The content of fraction II is 
slight and it has no clear distribution pattern 
throughout the profiles, In the fulvic acids 
fraction Ia predominates over all the others in 
the soil at an altitude of 1790 m (profile 
XVII) and its distribution indicates that it has 
been leached into the lower horizons. The in- 
creased content of fraction II combined with Ca 
in the A horizon is a striking feature of this 
soil, 


Fraction Ia is even more mobile in the soil 
at an altitude of 2200 m (profile XXX) where it 
accumulates in the B horizon (20 cm-30 cm). 
10 ce 2-10 

15-25 


Qs 


0 
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¢.« lateritic soil 
e - yellow earth, altitude 2200 m. 


The values on the curves show the depth in centimeters. 
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Fraction I predominates in the A horizon. There 
is an increased content of fraction ITI in the 
same horizons and a clear tendency to move 

to the B horizon. 


In general the mobility of soluble and hy- 
drolyzed compounds increases with the rise 
in altitude under subtropical conditions and 
the content of humins decreases. The pre- 
dominance of brown humic and fulvic acids in 
the composition of the humus makes these 
soils somewhat similar to brown forest soils. 


Humus formation beneath typical sub- 
tropical forests differs from the preceding 
soils in that it may be classified either as of 
brown humate type without moss (profile 
XVII) or as brown fulvate type with mosses 
and bamboo (profile XXX). The difference 
may be associated with the nature of the vege- 
tation, but the question needs further study. 


Optical Density of Humic Acids as an Index 
of Difference in their Nature 


Optical density was studied in humic acid 
preparations extracted with 0. 1 N NaOH after 
decalcification; they were used to produce solu- 
tions of Na humates containing equal amounts 
of carbon (0, 136 g of carbon to 1 liter of solu- 
tion) with a near neutral reaction, 3 


3The layer of solution in the spectrophotometer 
vessels was 1 cm. The optical density of the 
humic acids was determined in the laboratory of 
Soil Biochemistry and Biology at the V.V. Doku- 
chayev Soil Institute . 


The results confirm the distinctions stated 
previously and indicate that there are fundamental 
changes in the optical density of humic acids 
formed in humid and in dry tropical climates. 
Under humid conditions the extinction coef- 
ficient is low in the A horizon and is con- 
siderably reduced with depth. Under dry 
conditions (Fig. 1b for cinnamon brown — 
red earth) the extinction coefficient is 2:5 
times greater and considerably less reduced 
with depth. 


Under subtropical conditions the optical den- 
sity of humic acids from a lateritic soils contain- 
ing concretions (Fig. 1c) is similar to that of 
a tropical yellow earth (Fig. 1d) and subject little 
to change with depth. It is 1.5 times greater 
in a yellow earth at an altitude of 1790 m (Fig. 
le) and only approximates to the first soil 
at a depth of 40 cm-50 cm. The lowest opti- 
cal density (<1)4 is found with humic acids 
from the yellow earth at an altidude of 2200 m 
(Fig. le). 


It is possible that alterations in the optical 
density of humic acids of tropical soils are 
due to differences in moisture conditions as 
suggested by Kononova (5) and Tyurin (7). 
Under dry conditions humic acids have a more 
highly condensed aromatic nucleus similar to the 
nucleus in chernozems. 


In addition to differences in moisture condi- 
tions, increase and decrease in the optical density 


*In theblue range at 465 my. 


Table 5 


Amount of C, Fe and Al extracted from the soils by an 0.1 M solution 


of Na,P.0,, mg per 100 


g of soil 


Profile 
No. 


Soil and vegetation 


I Yellow earth beneath humid Over-mature 


forest with fern 


Depth, 
cm 


ee ee | 


XXIV Cinnamon brown — red earth beneath 
deciduous (dry) forest 
XXXV_ | Lateritic soil with concretions beneath 
herbaceous vegetation 
XVIII Yellow earth beneath evergreen forest 


8 i A 
XXX 


Yellow earth beneath moss-bamboo 
evergreen forest 


1352 


3—10 980 166 1067 
15—25 900 432 2155 
30—40 450 432 1046 

0—10 790 67 OUT 
20—30 680 67 265 
35—45 310 66 249 

2—10 500 233 | 1144 
15—25 300 200 7174 
35—45 170 267 871 

7—13 196 872 9106 
20—30 156 773 9127 
40—50 430 399 1745 

eee 

o—9 435 797 | 7317 
10—18 325 795 4858 
20—30 316 1003 8516 
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of humic acids in subtropical soils may also 
be associated with the influence on their 
structure of special features in the mineral 
part of the soil. The low optical density of 
the humic acids of tropical soils is due to 
their ''chemical youthfulness" (6), which in 
its turn is connected with special features in 
humus formation and especially the pre- 
dominance of brown humic acids. 


Connection Between Humic Compounds with 
Tron and Aluminum 


In view of the high iron and aluminum con- 
tent of tropical and subtropical soils it is 
through that alumino- and ferro-humic com- 
pounds account for a large part of their humic 
matter. Extraction methods do not exist that 
would enable us to establish the quantities of 
these compounds in different soils. We sep- 
arated them by solution in an 0.1 m solution of 
sodium pyrophosphate (Aleksandrova's method). 
The results_of the determinations are shown 
in Table 5, 5 


The values obtained show that considerably 
larger quantities of aluminum, iron, and or- 
ganic matter pass into an 0. 1 m solution of 
pyrophosphate from tropical soils formed 
under humid conditions (profile I) than from 
those formed under dry conditions. It would 
also appear from the amount of carbon that 
most of the humic compounds in the first 
group of soils are combined with Fe and Al; 
in the second group free humic acids probably 
predominate. This distinction agrees with the 
fact that the mobility of Fe and Al compounds 
is reduced in a prolonged dry season owing 
to their conversion to oxides that are not 
readily soluble, 


The quantity of these compounds in sub- 
tropical soils increases markedly with alti- 
tude owing to the reduction in temperature 
and possibly to increased moisture. Since 
the increase particularly affects the amount 
of Al,O, it can be assumed that there are more 
alumino-humic than ferro-humic compounds in 
subtropical soils and that free humic acids 
are absent. This latter fact may be due to the 
absence of podzolization in these soils. 


The reduction in the amounts of C, Al,O,, 
and Fe,O, that pass into an 0, 1 m solution 
of sodium pyrophosphates from lateritic _ 
soil is probably due to their precipitation in 
the formation of concretions. 


It should be emphasized that these indixes for 
podzols differ greatly from the values ob- 
tained for our Soils as can be seen from the 
following data (1) (milligrams per 100 g): 


5tt should be remembered that sodiuin pyro- 
phosphate extracts a certain amount of nonsilicate 
forms of R,O; that combine with the solvent to 
form complex compounds in addition to humic 
matter combined with Fe and Al from soils of 
this type. It cannot therefore be concluded whet 
the organic matter in an 0.1 M Na,P,O, extract 
is only complex compounds with R,O3. 
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Depth, cm Cc Al1,O, Fe,0, 
5—9 666 159 169 
9—22 112 50 69 

41-61 48 45 86 


Sodium pyrophosphate extracts up to 53%- 
70% of the total content of carbon from tropical 
soils and slightly more from subtropical soils, 
but there are great variations in the amount of 
carbon. Thus, only 41%-61% is extracted from 
lateritic soils (profile XXXV), 68%-74% from 
yellow earths at an altitude of 1790 m (profile 
XVII) and 56%-78% of total content at an altitude 
of 2200 m. The mobility of the humus com- 
pounds increases with altitude since the highest 
values are those of their content in the lower 
horizons, This is particularly marked in the 
soil of profile XXX; here there is a sharp 
increase in the amount of Al,O, and Fe,O, 
with depth. These distinctions are most 
vividly revealed by the values for mobile 
A1,O, and Fe,O, calculated as percentages of 
total content; 


Profile Fe,0, Al,O, 
I 2. 66—6, 21 492—105 11 
XXXIV 0. 65—0. 70 1.51— 1.08 
XXXV 1, 58-1. 84 3.15— 5. 47 
XXVIII 3. 45-8, 22 5. 42—17. 46 
XXX 6, 32—9, 51 22, 62—34, 14 


These values are the least in tropical soils 
(profile Iand XXXIV and lateritic subtropical 
[profile XXXV]). They sharply increase in 
the remaining soils, particularly with in- 
creased altitude. 


The information here given can be used to 
correct the previous types of humus formation 
and to give the following definitions: 


Humate — fulvate (pro- 
file I) 

Free humate (profile 
XXXV 


Humid Tropical Soils 
Dry tropical soils 


Acid fulvate-iron- 
alumino (profile 
XXXV 


Subtropical humid: 
lateritic soils 
yellow earths up 
to an altitude of 
1800 m 

yellow earths at 
between 1800 mand 
2200 m 


humate-alumino-iron 
(profile XVII) 

humate-iron-alumino 
(profile XXX) 


These names are intended merely to depict 
the most apparent distinctions in the types of 
humus formation and are quite tentative. 
Nevertheless the classification may be of use 
for further work on the genesis and classifica- 
tion of tropical and subtropical soils. 


Conclusions 


1, The accumulation of humus and nitrogen 
is lowest in humid tropical conditions and does 
not exceed 4. 38%. In dry tropical conditions 
it is higher and uniform throughout the profile. 
The C:N ratio is wider under humid tropical 
conditions. 


The humus and nitrogen content of subtropical 
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soils increased with altitude, 


2. The following five types of humus for- 
mation are derived from the group and frac- 
tional composition of the humus, the optical 
density of the humic acids and the content of 
free humic acids and humic acids combined 
with Fe and Al: 


a) humate-fulvate in soils beneath humid 
evergreen forests; 


b) free humate in soils beneath dry decidu- 
ous tropical forests. 


In the humid subtropics: 


a) acid-fulvate-iron-alumina in lateritic 
soils beneath herbaceous vegetation; 


b) humate-alumino-iron in yellow earth 
beneath evergreen forests up to 1800 m; and 


c) humate-iron-alumina in yellow earth 
beneath evergreen moss forests above 1800 m, 


These types of humus formation are a 
clearer indication of differences in soil 
genesis than are the SiO,: Al,O, and SiO,: Fe,O, 
ratios. 


This study was supervised by Professor 
S. V. Zonn in the Forestry Laboratory of the 
USSR Academy of Sciences. The author 
thanks his supervisor and D. F. Sokolov for 
assistance in carrying out the work and writ- 
ing up the results. 


Received July 14, 1961 
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THE SOILS OF NORTH AMERICA - A GENERAL DESCRIPTION (Based 


on Materials Presented at the VII International Congress 


of Soil Science) 


N.N. ROZOV, YE.B. RUBILIN, and YE.N. RUDNEVA, V.V. Dokuchayev Soil Institute 


Study of the soils of North America has had 
very great bearing on the correct interpre- 
tation of soil zoning, clarification of the 
essential nature of the processes of soil forma. 
tion, and the scope of views on the problem of 
soil classification, 


Dokuchayev's assumption that only latitudin- 
al soil zones existed in North America was 
reflected in his projected soil zones of the 
Northern Hemisphere. Direct study of the 
soils of North America has revealed that the 
soil zones are meridional in the southern 
monsoon region. Soviet scientists made their 
first acquaintance with the soils of the USA 
and Canada during the First International 
Congress of Soil Science in 1927. Mater- 
ials on the soil geography of North America 
obtained at the Congress and during an exten- 
Sive transcontinental excursion were criti- 
cally reviewed in works by I. V. Tyurin, 1 
D.G. Vilenskiy2 and Ya. N. Afanas'yev. 


Tyurin gave a detailed description of soils 
encountered during the excursion accompanied 
by analytical data. He was one of the first 
to stress the meridional nature of soil zoning 
in the USA and the influence of men in the for- 
mation of the prairie soils. 


Vilenskiy and Afanas'yev paid a great deal 
of attention to the distinctive conditions of 
soil formation and the general features of 
geographical distribution and soil classifica- 
tion. They commented repeatedly on the di- 
versity of soil-forming processes and soils 
in North America and made a detailed 
analysis of the work of Marbut. In their 
final conclusions and in their soil maps they 
attempted to draw a complete analogy between 
the soils of North America and those of the 
Russian Plain and, in part, the West Siberian 
lowland, 


ithe soils of North America. Uch. Zap. Kaz. gos. 


un-ta, vol. 88, Pt. 1, 1928. 


2principal features to the distribution of the soils 


and vegetation of the USA and Canada. Pochvovedeniye, 


1928, No. 1=2. 


3The soil zones of North America. Pochvove- 
deniye, 1928. No. 3-4. 
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The specific features of soil formation in the 
monsoon and subtropical regions were only 
noted later when Prasolov4 recognized that 
the prairie soils were a separate entity distinct 
from the chernozem and when Vilenskiy, who 
was developing the idea of analogous sub- 
types, noted the distinctive nature of the soils 
in the subtropical areas of North America, 
These features were only incorporated in the 
world soil classification after a zonal subtype 
consisting of cinnamon brown, gray-cinnamon- 
brown, and sierozem soils had been distin- 
guished as a specific subtropical sub-type in 
Eurasia. 


This new outlook on the soil geography of 
North America, which is especially reflected 
in the most recent edition of the world soil 
map, leads to the assumption that North 
American soils ascribed to the same soil 
groups as Soviet soils and are partly repre- 
sented by other subgroups. 


New material on the geography and genesis 
of United States soils was obtained at the 
Seventh International Congress of Soil Science 
held at Madison, Wisconsin, in the United 
States and during the excursions organized by 
the Congress; there was an opportunity to 
verify, in part, existing scientific views. 


The major soil excursion in 1927 was a 
circular tour that crossed the North American 
continent twice from ocean to ocean and in- 
cluded Canada. The routes of the three soil 
excursions in 1960 lay mainly within this 
circle (within the USA) and only one excursion 
extended to the southwest outside the circle 
including New Mexico and Arizona (Fig. 1). 


The soil material collected during the ex- 
cursions was not very extensive (no more than 
59 profiles were examined in all three excur- 
sions). The existing quarantine regulations 
prevented the taking of soil samples but the 
main analytical data were normally quoted in 
the guides. ''Soil classification, a compre- 
hensive system" written by Guy Smith, one 
of the heads of the Soil Conservation Service, 
and distributed to all congress participants 
was of great help, It contained descriptions 
and analyses of approximately 100 profiles of 


1937. 


4The Great Soviet World Atlas. 
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Little mention was made at the congress of 
the soils of the north of the North American 
continent — Canada and Alaska, It was 
apparent from the paper of Douglas and Tedrow 
on the tundra soils of Alaska that cryozenic 
phenomena and frozen soil are extensively 
developed in the districts that they studied and 
that certain features are similar to the soils 
of our own far north east. 


S. Pavliuk (Canada) gave a detailed descrip- 
tion of the gray wooded soils of Alberta. These 
soils, that occupy extensive areas in the foot- 
hills of the Rockies and extend far to the 
north,are not uniform in their properties. 
Their southern variants beneath Populus tremu- 
loides forests can be compared to some ex- 
tent with our own gray forest soils; it would 
appear from the monoliths and analyses on 
display that the northern variants of these 
soils are most distinctive; they are peaty at 
the surface, highly podzolized, with a practi- 
cally undeveloped platy A, horizon anda 
humus-stained A, horizon. They should prob- 
ably be regarded as a special provincial 
species or subgroup of sod-podzolic soils 
developed under the comparatively dry condi- 
tions of Western Canada where the annual 
moisture coefficient (ratio of annual precipi- 
tation to annual evaporation. Translator) 
aes coniferous forests is between 0. 99 and 

700. 


It is common knowledge that the soil-geo- 
graphical zoning of North America undergoes 
a marked change to the south of a line passing 
through Edmonton, Saskatchewan, Winnipeg 
and Lakes Superior and Huron. The soil zones 
become meridional and apparently intersect 
the subboreal, subtropical, and tropical belts, 
(down to the Gulf of Mexico) since they are 
naturally represented in each bioclimatic belt 
by their groups. 


Within the subboreal soil belt one can dis- 
tinguish: 1) a zone of brown forest soils, 2) 
a zone of chernozem-like prairie soils (bruni- 
zems), 3) a zone of chernozems, 4) a zone 


of chestnut soils, and 5) a zone of brown deser- 


tic-steppe soils. 


The corresponding zones in the subtropical 
belt are: 1) a zone of red earths and yellow 
earths, 2) a zone of reddish-black prairie 
soils, 3) a zone of cinnamon-brown soils, 

4) a zone of gray-cinnamonic soils, and 5) 
a zone of sierozems of various types. 


The alternation of the vertical soil zones 
found in the mountains of North America is 
governed by the general features of bioclimatic 
zoning and the facies. 


Those who attended the Seventh International 
Congress of Soil Science were able to cross — 
the whole of the subboreal soil and bioclimatic 
belt from the Atlantic to the Rocky Mountains, 
The path of excursions ran mainly through the 
south of this belt between 42° and 36°N, 


Washington (Rudneva) . We wish to thank I.V. Tyurin 
for reading the article and for valuable comments. 
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The brown forest soil zone occupies consider- 
able areas to the south and south-west of the 
Great Lakes. It extends in a sweeping arc 
from the banks of Mississippi in the west to 
the Atlantic seaboard in the east for more than 
1200 km. 


The southern limit of these soils passes to 
the south of the Ohio River and coincides in 
places with the southern boundary of the 
Wisconsin glaciation. The main soil-forming 
parent materials are glacial and lacustrine- 
glacial clays, clay loams, and sands often 
covered by loesses. The natural vegetation 
beneath which the brown forest soils of the 
US form consists of broadleaf deciduous forests 


and hornbeam. Species of hickory are often 
encountered in the south and southwest of the 
zone in forests of this type. 


The considerable longitudinal (300 km-490 
km) and latitudinal (1200 km-1400 km) extent 
of the zone makes for a variety of landscape and 
for the formation of different subgroups and 
species of brown forest soil on the North 
American continent. 


In the eastern and more humid oceanic 
part of the zone (Fig. 2a, New York Station) 
one can expect to find extensive areas of acid 
deeply base-unsaturated slightly podzolized 
brown forest soils (Table 1, profile 1) with 
similar properties (acidity, unsaturation 
and composition of the organic matter) to the 
brown acid (forest) soils of Western Europe. 


It is apparent that the brown forest soils 
of this part of the zone are also subject to 
considerable latitudinal alteration. Intensive 
podzolization becomes universal in the north 
where they give way to soddy, straw-colored- 
podzolic and sod-podzolic soils. In the south 
a general tendency for an increase in clay 
content is accompanied by certain slight signs 
of allitization in the profile of brown forest 
soils. This makes them closer to the yellow 
earths that lie further to the south and leads 
to the assumption that they are similar to the 
yellow-brown soils of Europe and China. 


In the western part of the zone (Fig. 2a. 
Chicago Station) the great dryness of the 
summer and fall gives rise to brown podzolic 
forest soils with a more distinct podzolized 
horizon that are at the same time less acid, 
richer in adsorbed bases, and considerably 
less unsaturated (Table 1, profile 2). 


In the north of this part of the zone, where 
the brown forest podzolic soils give way gradu- 
ally to the gray forest soils of Canada (gray 
wooded soils) they are closer to the brown- 
gray forest soils of Romania, the northern 
slope of the Great Caucasian range and other 
European territories, The name gray-brown 
podzolic soils that is used in the USA for 
all brown forest soils seems to give a complete- 
ly adequate description of the features of this 
last subgroup of brown forest soils. 


Comparison of the data for brown forest 
soils of Western Europe and for the center and 
southwest of the North American brown forest 


N.N. ROZOV, ET AL. 


Position of 
Station 


Position of 
Station 


bove 10°C 


E 
a 
e) 
ot 
a) 
° 
S) 


jabs 


Wemphis 
prea eatoe |26,7 4,8 [1212 1220) 0,29 | 5300 


Asheville (N. 
Carolina 
Sukhumi 
(Caucasus) 


Uzhgorod 
(Transcarpat 


| 


8 
Fe 
a S b 
re) 
oO 
a : 
S 0. ———— ae —— 0.0 = —_— =; — 
O id w Vv ow viv x xIxn “Ton aw ov Vivln XX) XE 
Prarie soils zone Chernozem zone 


N. Platte 
(Nebraska) 


Tashkent _ 
(Uzbekistan 


op 
=) 
5 
x 
Es 
Ons. 
o= 
€ o 
3) 
= 0,6 
2 \ é 
a) : : a 
5 0,0- SS —< = 
‘ Mw vt Vir vive XXL xt 
Fig. 2. - Climatic conditions for the formation of the main soil groups of the US 


compared with corresponding data for the USSR. 


1358 


NORTH AMERICA 


Table 1 


Anélytical description of the soils of broadleaf forests, prairies and humid subtropics 


rofile No. , soil, | 
position, vegeta- 
tion, and parent 
material 


. Brown podzol- 
ized forest soil 
(deeply un- 
saturated) 
New York; oak 
forest; glacial 
clay (Guy 
Smith) 


Depth, 
cm 


0—10 
10—20 
20—41 
41—46 
46—53 
52—69 
69—107 

178—204 


pH 
x 
(1:1) 


woos KFP NOW 


of the US? 


Clay |Hu-| Ca- | Adsorbed cations, meq/ 100¢ nee 
0.02 }mus| Co,, ra- 

rhe % |e | ca Mg | HP | Na | K [rotal ion, 
ia 

i} 

10,8/5,50] None 7,9 1,8 13,1 OF FOsSIECOn COO 
929125001 am ORS id On9 Owed mOnd| Wo}! R330 
8,4]0,65] " OG Cay Sel Oni Oni Geil ey 
AGL AKO) ay UAT Cae] etell Worl] Ost Gy 7A 
1G FOO8 61 Ath oA OnAll @Rsul Oil WO.) 2 
72 AO gsi) 3,8} 1,4] 4,4/<0,1! 0,1/<9,8] 45 
UosOn wg) Bula =a ih S= — —;{;—-—} — = 
9,5)0,24) 34,6, —| — ~ —;{;-| - = 
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Table 1 Cont'd. 


6. Podzolized 0—15 
red earth — 15—32 
Red- Yellow 32—45 
Podzolic soil 45—67 
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‘The names given to the soils are those of the nomenclature accepted in the USSR 
(where it differs from the American, Translator), the existing Ameri can nomencla- 
ture and that proposed by Guy Smith, 


PExchange acidity. 
“Total of exchangeable bases. 
Note: Comma represents decimal ‘point. 


soils zone reveals that the American soils are 2200 km and it is widest (approximately 800 
quite similar to the brown forest podzolized km-900 km) at latitude 40° where a large 
soils of Eastern Europe. On the other hand wedge of brunizems extends to the left bank 
the brown forest soils of the center and west of the Mississippi River into the brown forest 
of the zone in the US are more podzolized and soils zone. The distinctive climatic condi- 
less ferruginized than the corresponding tions under which brunizems form have no 


soils of Eastern Europe (the Transcarpathians). analogy in the chernozem of the USSR. Tem- 
perature conditions make the climate in the 


The following features to the distribution of central sector of this meridional zone 
the soils in the North American brown forest (Keokuk Station, Iowa) similar to the climate 
soils zone are related to local formation con- at Krasnodar, but considerably more humid 
ditions and the composition of the soil- in the summer (Fig. 2c). This leads to the 
forming parent material. development of slight ''climatic meadowing" 


features in the soils where drainage is normal. 
In the west and center of the zone where 


glacial clay loam deposits predominate, the Brunizems are formed beneath a lush vege- 
predominant soil group is the brown forest tation of tall grass including Andropogon fur- 
podzolized soils (gray-brown podzolic soils). catus, A. geradi, A. Scoparius, and Stipa 
These soils occupy the best drained forested spar cee a rich assortment of grass 
surfaces of hills and slopes. The levelled (Astragalus crassiocarpus, Phlox pilosa, 
steppe-like sectors of slopes and plains con- Anemone caroliniana, Viola pedata, La’ yrus 
sisting of loess-covered morainic clay loams sp., Solidago sp., etc.) 
are normally occupied by chernozem-like 
prairie soils (brunizem). Depressions and The soil profile of the brunizems, that nor- 
the less drained flattened and more moist mally form on loess-like and less frequently 
lower sectors of slopes are often water- on morainic clay loams, consists of a 50 cem- 
logged and occupied by dark humic gley 60 cm humus horizon with a very gradual de- 
soils and swamp soils and by bottomland peats cline in humus, as in chernozems, and a transi- 
(peat soils). tional horizon to the soil-forming parent ma- 
terial with slight signs of gleying. Humus 
In the southwest part of the zone not affected content varies between 4% and 6% from the 
by glaciation combinations of a slightly dif- surface down. Reaction is slightly acid (pH 
ferent group are found in regions where loess 5. 4-6. 1) and Ca and Mg are the major adsorbed 
deposits predominate. The dominant soil cations; a high content of hydrogen ions is 
group on level areas is brunizem. Brown clearly due to the method of determining ad- 
forest soils are confined to the steeper slopes. sorbed cations using alkaline salts (Table 1; 
Depressions and low-lying areas are occupied profile 3 and 4). Free calcium carbonate is 
by humic-gley and swamp soils and by soils either totally absent or found only in the 
that are transitional between humic-gley soils second meter, mainly in residual forms. The 
and brunizems. In the more humid eastern white non-effervescing veinlets of SiO, often 
sector of the zone brown acid deeply unsaturated _ found at this depth were observed by delegates 
soils are accompanied by excessively moist in one brunizem profile in Wisconsin. Despite 
and greatly podzolized soils and by soils that the slightly acid reaction, signs of podzoliza- 
are Similar to podzols and are mainly con- tion are either absent, not expressed or poorly 
fined to parent materials of coarser-texture, expressed, mainly in the eastern part of the 
by : zone as silica powdering (see the distribution 
_ A zone of black prairie soils (brunizems) of the clay fraction in profile 3 and 4 in Table Ls 
lies to the west of the brown forest soils zone, On this basis brunizems can be divided into 
Its meridional extent is approximately 2000 km- three subgroups, that might be called chernozem- 
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Table 2 


Analytical description of the soils of the steppes, semideserts, and mountain forests of 


Profile No., soil, 
position, vegetation, 


11, Cinnamon-brown 
soil - Gray Wood 
ed soil (Typaltalf) 
Colorado; moun- 
tain forest of Pinu 


sropyrum Sp. ; 
pore erry and 

cacti; on granite 

weathering prod- 


ucts (guide to 3rd 


Depth, 


; Clay 
PH |<0.002| Hu- 
water 


the US 


dsorbed cations, meq/100 g 


imm injmus, S 
and parent material (1:1) diam, % eq. % | ca me | Ho na | K 
7. Medium humus 0—9 | 6,8) oR 4] 7,95] 1 [20,0] 5,&] 5,9} — 
("ordinary") 92200 Geer 8463.1 3,97] dealliadliy.1 05 Ole 
chernozem -—-Ch-| 20—35 | 6.9 AL 4| 2,58] 1 118,35] 6.8] 3.ul 0,1 
ernozem Orthic- | 35—48 | 7.9 | 25.7|1,70| 16 |—|—|—| 0.1 
Argustoll): S. LS CSeT Dah 2650 | 0,93 Ade i s| 
Dakota; steppe; C5— SSE Se SiS 160,56) 158 de elnale— he ha 
clay loess S8==1051 8.4 (140, 1018002 2d bo an E54 
M105 = 150 kG T3412 10552| WMO Be gems lee en iOe2 
8. Low humus (southt o0—13| 6,2 | 23,6. 2,3¢] — |12,2[ 3,&| 4,7| 0,1! 4,2] 22,0 
ern) chernozem APB | BS Ty ies | Va NS] re ASG tll 225, 
-— Southernchern.| 23—3u | 6,8 B83 ed 65 ea——eatiliars O (OleOle eye media) yeaa 
(Argustoll) ; 3050 SIMONE S (eA OSes ae Ore Sl mol Male alg 256 
Nebrasia; plowland; EB DE=Go Lene 36°6 150.67) sO roll TRS lee a0 talk 2: wile lio 
loess (guide to G5 SOM 7S 2986, 0.45] ee OS lei eS ORS NO. Cle ried 9 
third excursion) 80—108] 8,1 20,7 | 0,29 QEu30K 9 Teel —WOeSI2 5 41,5 
TOSS 732 SS NDN0 | 0,22 4. 125.0) :6,5) _ ele te2 S eth 
£392 55a. 20 | 21.1 | 0,24) 118) 6 5, Ge — elle, 4] 2850 
455-2910 8,2 23.2 | 0,241) 411648]. 5, Gt 156] 2.2] 2656 
Seo Sa Seely 0. (OL 24 meOo EN 2S Se iea 14 Tot teeties Fag) 
2552 3001/8.3" |_20,5 | 0, 31/We a ITA), 5 et ON ez 7e0 
9, Chestnut soil of O=t8 ] 7.6 [18.8 0-15 | 76s eS. | 2 1G aa lel | atl eet od eee 
(Orthic Argustoll) 15—20 | 7,3 | 19.4 | 2.06} — |l2,4] 2,4] 4.3) —] 1,9) 20,7 
Nebraska; short DSBS Tote #2665: (112) een oO et [fd 9.2 | a es Olea 2 
grass steppe YS—5VU | 7,6 eNO (Hyer IE | Chee | Agtey| em etel | lO 
loess (Guy H—jon She DRaGE eles, 9 9 9 eee he 
Smith) 50--70 |} 8.5 | 21,2 | 0,60) 12 7 — | —} —] 0,4] 2,7), — 
70285 PST) 1 E424 [0020/0 Se ar — 1 at 055) 234] oe 
85—1131 8,8 | 16,9} 0,04 8 |—]| —]}] —| 0,6) 2,3) — 
10. Brown desert- Cen eo 1 tl lo Oo ec == 1 10rd Sielgas 
steppe (solodized| 43—18 | 7,2 | 19,7] 1,56) 0,3) 16,3 SSO 7 OMA8S0 
solonetzic) soil—| 18—36 Dy BYARD It Rl aa | ez} = 10,9) 45072757 
Brown soil (Arid-{ 36—51 | 7,8 | 23,2 | 1,26) 13,9 | 23,1 ed he Web be resin 
isol); Colorado; Bie Sal sO ito. 7 0a ten2ulacO oe hs he eG We 
plowland; silty So 195108 0) | 13,1 | 0,40). 9,071 1831 ei bak ed ta 6) feed 
clay (guide to 199154107. led S51 [0,20 9.9. | 10,0 — | 1,€} 1,6] 20,0 
third excursion) 


| O22 11,6507] 9243 |y4si6 4,3 
2-12) 6.5 | 11,4| 1,51] — | 3,5 
| 12-99 | 6,2 | 24,6] 1,24 — | 7,9 
+ 99-401 6.3 | 29.7 | 0,57] — | 9,9 
40—55 | 6,5 | 26.8 |.0,41] — | 8,7 
55-80'|6,8° | 2t.2 | 0,33) — | 9,1 
g0—1201 7,8 | 12,8 | 0,62} 3,6 | — 


Deh) AAG 
1,9) 3,8 
2,3| 3,4 
5,6) 5,7 
4,4) 4,3 
Ae OG258 


4pxchange acidity; 


Note: 


DOH plate; 


Total of exchangeable Ca + 
Comma represents decimal point. 


like, typical, and podzolized brunizems; the 
brunizem zone can be divided similarly into 


three meridional subzones. 


In the easternmost 


Me. 


section of these subzones brown forest soils 


beneath broadleaf forests are widely distributed 


on dissected slopes. 
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Brunizems with the ground 
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water table near the surface (2 m-3 m), clear- 
ly defined gleying in the horizon beneath the 
humus and enhanced humus content (7%-9%) 
are found on level undrained areas in all the 
subzones. In Russian terminology these soils 
might be called meadow-brunizems; the most 
moist, which are called humic gley soils in 
the USA, give way gradually to meadow-bog 
soils. Differences in relief and in wetting 
within the brunizem zone lead to an intricate 
combination of soils which is reflected in the 
large-scale county soil maps that are normally 
compiled on the principle of soil series. 


Participants on the second excursion ob- 
served the following typical soil combina- 
tions in the eastern brunizem subzone in 
Illinois: level surfaces and gentle slopes 
were occupied by brunizems, among which 
there were humic-gley soils on slightly 
drained plains and distinctive gleyed and pod- 
zolized soils known as "planosols" in small 
depressions. Now or inthe past slopes lead- 
ing down to rivers and all dissected areas and 
areas of coarse-texture are or have been 
covered by broadleaf forests and are brown 
forest soils with distinct signs of podzoliza- 
tion on the gentler slopes. 


Those who went on the third excursion to 
Iowa saw three different soil combinations. 
The eastern slope of the wide poorly drained 
Mississippi- Missouri watershed has a combin- 
ation of typical brunizems and brown forest 
soils on the steeper slopes; in its central sec- 
tor meadow-brunizems are commonest on 
level areas and typical brunizems on gently 
rolling slopes; ''meadow'' chernozem-like 
brunizems (the Marshall series) are com- 
monest on the western slope to the Missouri 
but there are spots of meadow-brunizem soils. 


Soils of the brunizem group are well sup- 
plied with heat, do not suffer from summer 
droughts, and are widely used for agriculture. 
They have clearly been greatly affected by the 
crop, which has brought about some alteration 
in the hydrological regime and in the condi- 
tions of humus accumulation. The main 
agricultural crop on brunizems is corn. 

Grass cultivation is also common. 


Although the brunizems of the US are similar 
in some features to the soils of the distinctive 
prairies of the Soviet Far East ("climatic mea- 
dow formation" and lack of carbonates) they 
differ from them in temperature conditions and 
in the seasonal course of wetting. 


As one moves to the west the zone of cher- 
nozem-like prairie soils (brunizems) is re- 
placed by a zone of chernozem-chestnut brown 
steppe soils; total annual precipitation de- 
creases and annual evaporation rises, The gen- 
eral climatic features of the center of the steppe 
zone in the United States are shown by data 
from the North Platte (Nebraska) Meteorologi- 
cal Station. The steppes of the US differ from 
those of the USSR (Rostov-on-Don) in that 
moisture is very uniform throughout the year; 
the steppe soils of the US are also less wetted 
than those of the USSR in the winter and spring 
and considerably more wetted in the summer 
(Fig. 2d). A connection can here be seen with 
the deeper situation of carbonate horizons in 
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the steppe soils of the US, their lower total car- 
bonate content and the considerable extent to 
which easily-soluble salts have been leached 
(Table 2). 


Almost all the chernozems and chestnut- 
brown soils of the United States and Canada 
are now plowed. In the past they were covered 
by grass vegetation of as type consisting — 
largely of beard grasses (Andropogon gerardi 
and A. scoparius), feather mass (Stipa spartea) 
with Some grama grass (Bouteloua curtipendula 
and B. gracilis) in the east, and buffalo grass 
(Bulbilis dactyloides) in the west. In addition 
to the grasses there are various grasses includ- 
ing xerophitic species (Artemisia frigida, etc. ) 
in the west. 


The meridional steppe zone, which is widest 
at latitude 45° (approximately 1200 km) is con- 
siderably narrower (approximately 600 km- 

700 km) at latitude 40° where the excursion 
passed through it. In this depth four meridional 
subzones can probably be distinguished: higher 
humus chernozems ("ordinary North American") 
similar in their position in the zonal system to 
our ordinary chernozems; lower humus cher- 
nozems ("southern North American") similar 
(by the same attributes) to our southern cher- 
nozems and dark and light chestnut soils, the 
boundary between which is not very distinct. 


The steppe soils of these North American 
subzones have properties that differ consider- 
ably from those of their European analogues 
are Similar in some respects to the chernozems 
and chestnut soils of Eastern Asia. Typical 
features include: 1) an illuvial-carbonate 
horizon at a low level, 2) comparatively 
uniform thickness of the humus horizon (590 
cm for chernozems and 30 cm-49 cm for 
chestnut soils), 3) relatively low humus 
content, 4) lower total content of humus in 
the soil profiles (as compared to European 
soils), and 5) leaching of easily-soluble 
salts wherever the soils occur under zonal 
conditions. 


Profile 7 in Table 2 (quoted from Guy Smith) 
has a high humus content in the uppermost 
layer. The profile was selected beneath 
virgin steppe vegetation on a carbonate fine- 
textured parent material (there are signs of 
the removal of carbonates); the soils of profiles 
8 and 9 effervesce at a low level, contain little 
humus, and have much more calcium than mag- 
nesium inthe adsorbed cations even at a depth of 
255cm-300cm. Thetexture of the soil-forming 
parent materials is not absolutely uniform 
(there is layering) and there are therefore 
variations in total adsorption capacity. 


There are undoubtedly specific provincial 
and facies features to the chernozems and chest- 
nut soils of the United States and Canada, but in 
the meridional extension of the soil zones these 
are associated more with thermal differences 
than, as in the USSR, with the moisture regime. 


The term "prairie" is sometimes applied to this 
type of vegetation in American literature, in our 
opinion incorrectly. 
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High mycelial carbonate content is nowhere 
apparent. Signs of slight solonetzization are 
apparently more common in the eastern sub- 
zone of higher humus chernozems mainly ow- 
ing to inadequate drainage and the meadow re- 
gime. Here planosols (distinctive surface 
gleyed and podzolized soils) occur in "steppe 
saucers", "Steppe solonetzization that is so 
typical of the chernozems and chestnut soils of 


Kazakhstan is apparently very uncommon in the 


US. 


The chernozems and chestnut soils of the 
United States are widely used for agricul- 
ture, mainly for grain crops; because of the 
more favorable summer moisture, they plow 
light chestnut soils that cannot be used in the 
USSR. 


Approximately to the west of 104th parallel 
the steppe zone of the boreal belt is replaced 
by a desert zone of brown semi-desert soils 
that extend to the foothills of the Rocky Moun- 
tains. Precipitation here decreases to 170 
mm-200 mm. The soils need irrigation, but 
since the general distribution of moisture by 
seasons is similar to the steppe zone, crops 
can be obtained without irrigation. 


gracilis, Bulbilis dactyloides) and also con- 
tains species of wormwood, yucca, opuntia 
and certain other xerophilous plants. This 
type of vegetation, which is called short 
grass, remains on many unplowed areas in 
the eastern part of Colorado and is used for 
pastures. 


We examined the profiles of brown semi- 
desert soils on plowland at a farm in Akron 
and beneath the virgin vegetation on the 
Banning-Lewis ranch, The humus horizon 
(brownish-gray) was 17 cm thick in the 
profile at Akron, its lower part was lighter 
in color and beneath it the soil was compacted 
owing to the solonetzization of the soils. A 
sharply defined illuvial-carbonate horizon 
with a high CaCO, content began at a depth 
of 36 cm (Table 3, Profile 10). The 
solonetzic differentiation of the profile 
is clearly apparent from the clay distribution 
and the total adsorbed cations, although the 
content of adsorbed sodium is slight. In the 
profile on the Banning-Lewis ranch the 
humus horizon was slightly more gray in 
color, there was sod formation from the 
surface and only slightly apparent signs of 
solonetzization. Some of those present 
thought that this soil was similar to a light 
chestnut soil, 


Irrigation farming is widely practiced at 
the foot of the Rockies around Fort Collins 
and Denver on Brown semi-desert soils. 

The water for this purpose is piped from the 
basin of the Colorado river from the western 
slope of the Rockies. The Rocky Mountains 
rise steeply above the high plains of Colorado, 
At their foot there is a narrow foothill trans- 
itional strip consisting of chestnut soils and 
possibly low-humus chernozems (which we 
were not able to study more closely). Beyond 
this there is a wide vertical belt of distinctive 
brown forest soils. 
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The brown forest soils of the Rocky Mountains 
differ from those of the Appalachians and other 
districts in the United States in that they have 
developed mainly beneath coniferous forests 
under generally arid conditions and therefore 
have specific features. 


The coniferous forests of the Rocky moun- 
tains are protected in the extensive national 
parks containing a wealth of species. Pines 
(Pinus ponderosa, P. contorta, and P. edulis) 
predominate, but there are also plenty of 
spruces (Pica pungens and P. engelmani), 
firs (Abies concolor and A. lisicarpa), Douglas 
fir (Pseudotsunga menziessi), and juniper. The 
commonest deciduous trees are aspen (Populus 
tremuloides), stunted oak (Quercus gambiclii), 
and ash-Ieaved maple (Acer negundo). Ground 
cover in these forests consists mainly of 
grasses and is xerophilous in places. Ata 
forest station to the west of Colorado Springs 
we found Euagropyrum sp., wormwood, small 
cacti and, among the cacti, barberry (Arcto- 
staphylos uva ursi). The soils of the forest 
station, which are formed on granites, are 
classified in the guide as gray wooded soils. 
Their profile contains a number of features 
that are common to cinnamon-brown soils: 
the presence of a carbonate horizon, gradual 
decrease in humus, cinnamon-brown humus 
horizon, and a reddish tinge to the granite 
eluvium possibly associated with a preceding 
stage of soil formation (Table 2, profile 11). 


The climate in the vicinity of the station 
is temperate (July temperature approximately 
16°C, January temperature -5°C). The soil 
profile shows clear accumulation of clay in the 
horizon and it is therefore more correct to 
treat it as a brown or gray forest soil altered 
by arid conditions. In Western Europe similar 
soils in the Northern Balkans have been called 
cinnamon-brown to brown. 


The Rockies also contain quite extensive 
areas of more humid brown forest soils with 
signs of podzolization and higher altitudes 
further to the north, These soils were seen 
at a forest experiment station to the south of 
Lake Granby. They contain approximately 
3%-4% humus, and have a pH of 4.7. Adsorp- 
tion capacity is approximately 30 meq of which 
20 meq is hydrogen. Above the treeline the 
brown forest soils are replaced by mountain- 
meadow skeletal soils in which mountain-mea- 
dow peaty soils with a thin peat horizon are 
in evidence. 


Participants on the excursions saw the soils 
of the subtropical belt in the extreme east (red 
earths and yellow earths) and west (the Colorado 
plateau and southern California). The zone of 
subtropical yellow earths and red earths lie 
to the south of the brown forest soil zone, and 
extend from the Atlantic seaboard in the east 
to the Ozark Plateau inthe west (1500 km-1600 
km) and from the mouth of the Missouri in the 
north to the Gulf of Mexico in the south (approxi- 
mately 1000 km). 


The main soiW-forming parent materials on 
which contemporary processes of soil forma- 
tion are taking place are ancient "red color" 
crusts that are the weathering products of 
Paleozoic sedimentary and crystalline rocks, 
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friable marine sand and clay loam deposits, 
loesses, and the recent alluvial deposits of the 
Mississippi and its tributaries. 


The natural timber of the zone consists of 
mixed but mainly broadleaf virgin forests 
containing various species of oak, hickory, 
pine, and many other types. 


The soils formed beneath these forests are 
mainly yellow earths and red earths (red-yel- 
low podzolic soils) in which the process of 
podzolization is expressed to varying degrees. 
Clearly distinct beneath the thin(1 cm-2 cm) dark 
brown friable accumulative horizon there is a 
podzolized horizon depleted of clay and ex- 
changeable bases that is brownish yellow 
or rose and considerably lighter. At a depth 
of 15 cm-20 cm. this gives way to a red or 
yellow-orange compact illuvial metamorphic 
horizon in which clay is accumulated and which 
has an indistinct prismatic-lumpy structure, 
At a depth of 100 cm-150 em this horizon gives 
way gradually to the highly weathered red or 
red-yellow parent material that is depleated of 
bases, normally less compact and has a high 
R,O, content (Table 1, profile 5). 


The warm humid climate in which red-yellow 
podzolic soils develop leads to rapid minerali- 
zation of organic matter, removal of organo- 
mineral compounds from the profile and low 
hamus content in the soils (Table 1, profile 
5). Reaction is acid throughout the profile 
and there is considerable clay accumulation 
in the center of the profile. The existence 
of podzolization processes is indicated by a 
certain depletion of clay and redistribution of 
the exchangeable cations, Nevertheless, the 
comparatively narrow SiO,:R,O, ratios in the 
clay fraction of the soils and the existence of 
an admittedly slight narrowing of these ratios 
(2.5) in the podzolized horizon by comparison 
with the parent material (2.6) (G. Smith 
"Soil Classification", 1960) suggest, when 
taken in conjunction with the mineralogical 
composition of the colloidal fraction, that 
the contemporary processes of soil forma- 
tion are towards the formation of red-yellow 
podzolic soils. The guide book for the second 
excursion states that the clay minerals of these 
soils include: kaolinite (>40%), vermiculite 
(10%-40%) and quartz (<10%) in the A horizon; 
kaolinite (>40%%), vermiculite (10%-20%), and 
gibbsite (<10%) in the B, horizon; kaolinite 
(>40%), vermiculite (10%), and gibbsite (10%) 
in the B, horizon. 


The considerable east-west extent of the 
zone ensures some bioclimatic diversity. 
The ancient mountain formation of the Appalach- 
ians divides the zone naturally into two bio- 
climatic meridional subzones. The eastern 
(Atlantic) subzone (Fig. 2b, Ashville Station) 
has a humid and slightly cooler climate with 
little or no drought in the summer. The wes- 
tern meridional subzone extending towards the 
Mississippi and the Ozark Plateau is warmer 
and has a comparatively pronounced dry 
summer (Memphis). 


The differences in heat and moisture balance 
between west and east and the nonuniformity 
and diversity of the parent materials have 
given rise to an assortment of landscapes and 
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alterations in soil and vegetation in various 
parts of the humid subtropical zone of the 
United States. 


The Atlantic subzone lying to the east of the 
Blue Hills (Appalachian Mountains) consists 
largely of coniferous-deciduous forests ; 
(mainly pine and oak) with red-yellow podzolic 
soils formed on the weathering products of 
unstratified crystalline and sedimentary 
metamorphic rocks and ancient "red colored" 
crusts (Table 1, profile 5). These soils are 
highly base unsaturated, and have a low content 
of bases and humus and high exchange acidity. 


soils. 


The contemporary forests of the Atlantic 
subzone also include various species of oak, 
hickory (Carya pecan), Persian walnut (Jug- 


lands regia), and sweet gum (Liquidambar). 


In addition to the highly unsaturated red 
earths and yellow earths (red-yellow podzolic 
soils) formed on the weathering products of 
acid crystalline rocks, the Atlantic area also 
contains reddish-brown (lateritic) soils and 
surface gleyed podzolized yellow earths 
(red-yellow podzolic soils) with a surface- 
gleyed clay horizon known in American literature 
as fragipan. 


Red-brown soils are confined to dark ferro- 
magnesian parent material such as diorites 
and gabbro and, in part, to carbonate parent 
materials, the weathering products of which 
are normally rich in sesquioxides and bases 
and have a high pH. These soils have a dark 
reddish-brown humus accumulative horizon, 
no podzolized horizon and considerable clay 
accumulation throughout the profile. 


Yellow earth podzolized surface-gleyed 
soils with ''fragipan" are formed on the weather- 
ing products of argillites and parent materials 
with a high clay content cemented with silica 
if drainage is considerably worsened. Such 
soils are normally very acid and highly base 
unsaturated and contain a great deal of ex- 
changeable aluminum in the B and C horizons, 


The Atlantic coastal plain differs consider- 
ably from the remainder of the subzone in 
the nature of the relief and soil-forming 
parent materials and in the dominant vegeta- 
tion and soils. Humus and humus-iron pod- 
zols with a humus-iron alluvial horizon, that 
is often cemented, form here on the inade- 
quately drained coastal plains in which the 
ground water lies close to the surface beneath 
Sparse, stunted forests of Pinus taeda and in 
well drained areas beneath forests of Pinus 
palustre, Quercus laevis, and Q. marilandica. 
Like half bog peaty-gley and moor peat soils 
and marsh soils, these soils occupy a con- 
siderable area in the Atlantic coastal sector of 
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the subzone. 


The subtropical subzone to the west of the 
Appalachians has a drier climate than the 
eastern subzone in view of the drier summer 
(Fig. 2 b, Memphis Station), and this is 
reflected in the processes and properties of 
the red earths and yellow earths that predomin- 
ate in this part of the zone. 


The red earths and yellow earths (red- 
yellow podzolic soils) that form on the ancient 
"red colored" weathering products of sedimen- 
tary and metamorphic rocks, beneath oak and 
hickory forests containing a fair amount of 
plane, elm, ash, sugar maple, and red gum 
tree, are less base unsaturated and acid 
than are the similar soils in the eastern sub- 
zone, contain slightly more humus and show 
a greater tendency for biological accumulation 
of bases in the upper part of the profile (Table 
1, profile 6). 


The nature of the parent materials and the 
relief have a considerable effect on the 
processes of soil formation here. Brown 
podzolized soils that are clearly similar to 
yellow-brown forest podzolized soils form 
on young carbonate loesses depleted of 
sesquioxides when drainage is good, 


The wide plain of the Mississippi valley, con- 
sisting of young sand and clay loam alluvium, 
is noted for its abundance of fertile meadow- 
alluvial sandy and sandy loam soils. On the 
less drained areas of terraces and on the 
bottomland dark massive highly clayed and 
gleyed soils, reminiscent of the smolintsay 
of Yugoslavia, form on clay and clay loam 
alluvial deposits. These soils are slightly 
acid or neutral, base saturated, and contain 
between 2% and 3% of humus. The high content 
of the colloidal fraction is a distinctive feature 
(the content of clay in these soils reaches 70%). 
American soil scientists consider that soils 
of this type are intermediate between grumosol 
soils and alluvial soils. They are mainly 
distributed in the subtropical belt, although clay 
and clay loam alluvial deposits occur regularly 
in other belts. 


Red earths and yellow earths podzolic 
soils form on the weathering products of mas- 
sive crystalline and sedimentary metamorphic 
rocks and on the redeposited weathering pro- 
ducts of ''red colored" crusts beneath natural 
forest vegetation where the relief is gentle 
and slightly dissected. The upper podzolized 
horizon is normally absent and eroded red 
and yellow earths predominate where the relief 
is greatly dissected, 


The summer is drier throughout the North 
American red and yellow earths zone than 
in the humid subtropics of the Soviet Union 
except for the narrow strip of the humid 
Atlantic seaboard and the dryness increases 
towards the west. This probably accounts for 
their greater podzolization and lesser gleying. 
Cotton, rice, citrus fruits, and tobacco are of 
great importance to agriculture in the humid 
subtropics of the United States. Cotton is irri- 
gated in the west. 


To the west of the Mississippi the yellow 
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earth podzolic soils are gradually replaced by 
reddish-black soils of the prairie (Reddish- 
prairie soils) that form a narrow meridional 
zone. Further to the west in Oklahoma and 
Texas there are meridional zones of cinnamon- 
brown, gray-cinnamon-brown, and gray soils 
(reddish-chestnut and reddish-brown in the 
American terminology). The Congress 
materials do not contain any new information 
on the soils of these zones, 


Participants on the third excursion only 
encountered the soils of the arid subtropics on 
the Colorado Plateau (New Mexico and Arizona) 
and in California. Guy Smith also gives in- 
formation on these States. 


The Colorado Plateau, which is protected 
in the north and west by the high ranges of the 
Rocky Mountains, continued in the south-west 
by the Sangre de Cristo Mountains, is at an 
absolute altitude of between 1700 m and 2000 m. 
It includes small monadnocks normally of 
crystalline rocks, Lava sheets on sedimentary 
rocks are of common occurrence. 


The Colorado Plateau has distinctive vegeta- 
tion consisting largely of semi-desert plants 
in which a discontinuous cover of black grama 
(Bouteloua eripoda) and other gramineous 
plants is interspersed by creosote bush, worm- 
wood and low junipers. Joshua and yucca trees 
and various types of cacti are also found in 
places. The cacti tree of Arizona (Cereus 


There were denser thickets of Juniperus. 
monosperma, xerophilous pine (Pinus edulis), 
and oak (Quercus gambieli) on the slopes of up- 
lands and mountains and high forests of pine 
and fir at great altitudes. 


Comparison of data from the Santa Fe and 
Tashkent Meteorological Stations gives a clear 
picture of the climatic features of the plateau. 
Although mean annual indixes are comparable 
(Fig. 2e), moisture is extremely uniform 
throughout the seasons at Santa Fe whereas there 
is a distinctive dry summer period at Tashkent. 
The soils of the Colorado Plateau, which have 
a typical reddish tinge, are called reddish- 
chestnut, reddish-brown, and brown soils in 
the guide book. Red desert soils are also 
distinguished in the Painted Desert and other 
desert areas. 


Some analytical data for these soils are 
given in Table 3, Beneath the grasses and low 
junipers the soil formed on the weathering 
products of voleanic rocks (Fig. 12), effer- 
vesces at a depth of 25 cm, contains approxi- 
mately 2% of humus and contains accumulated 
clay and is massive in the lower part of the 
profile. The significant content of exchange- 
able hydrogen, apparently determined with alka- 
line salts, is a distinctive feature. 


Profile 13 examined by participants on the 
third excursion was somewhat more moist. 
The humus content was lower (1. 5%) and 
accumulation of clay began at the surface; acid 
effervescence began at approximately 30 cm. 
Features of slight meadowing and the protru- 
sion of stone fragments at the surface were ob- 
served in the profile. The soil was defined as 
a subtropical grumosol although there were 
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Analytical description of the soils of the arid subtropics of the US 


Profile No., soil, PH |Clay | Hu- Adsorbed cations, meqa/100¢ 

position, vegetation, pee on. [Clay, | Hu le ; 

and parent material (loa) | un | % | ed. %) ca | me HA | Na K |Total 

| diam. 

12. Grey -- cinna- 0—3 {6,0 31,3 [2,13] — |16,4] 8,0) 5,6] 0,09] 1,40/31,5 
mon brown (com- 3—10 |5,2 35,2 2,00) — {18,0} 8,5] 8,6! 0,16] 0,95136,3 
pact soil) -- 40—25 16,3 42,8 1,54) — |26,4} 9,9) 4,6] 0,28] 0,85/42,0 
Reddish Brown 25-45 1045 42,8 0,98) 2 132,14) 8,2) — | 0,74] 0,68/41,7 
soil (Orthic EES gel 43,0. 10; 80) Sgt es ee Co en 
Mazustert) ; TS—B5}Po Ty 43,411,060) eee | le oe ee ee 
Arizona; Low 
herbaceous 
Juniper, opuntia, 
and yucca; wea- 
thering products 
of basic volcanic 
rocks (Guy Smith) | | 

13. Grumosol (Grum-+ 0—2,5 [7.1 43,8 {1,55} — 30,6] 8,8} 2,2] 0,10] 1,08]42,2 
ustert); Arizona; '!2,5—12,5]6,8 43,9 |1,26 — [33,6] 7,6] 2,8] 0,27) 0,94/45,2 
Low herbaceous 12,5—25 |7,4 45,0 |1,07} — /36,9) 8,1] 1,2] 0,45} 0,90/47,6 
juniper; on oli- 25—42,5]7,7 45,0 }0,89 4 —}-)j— — —j— 
vine-basalt wea- |42,5—70 {7,8 Are 2 |) — | eS |] — == eS} | 
thering product OSH iH IS 46,3 |0,79 2 — | — | 
(guide to third 87 91121759 | 145 110, 721 —} —}]— 
excursion) SHG) IIflole! “sl NO) |) St fe _ —|{— 


14. Sierozem (Hap- O—10 |7,2b | 10,6 0,277 — | 7,71 8,01 — 0,4] 0,9!16,7 
largid); Arizona; 10—25 |7,5 12 8 /0,21) — | 9,6) 8,71] — 0,3) 0,6/18,9 
shrub semi-des- 25—48 |7,6 216 0,24) — /13,9]110,€ — 0,51 0,4 25,6. 
ert; aluvium 48—68 |8, 1 27.9 (0,27 "2" (2074113) 5122" oO: 6le O.a pee 
(materials of 68—93 18,1 ZA HO) 27]|, 4X0) (P/O OY4l — OA) 052/ — 
third excursion) 93—135/8, 6 16 6 10,07) 22 9124618) 6| =) Mosier oem 

135—190'8,8 14,9 10,03] 45 124,5/14,4) — 4,21 0.9] = 
190—245 9,0 5,710,021 960 119.5] Ot) eee Olea ee 
: ee eee 

HS. Grey-cinnamon | 0_93 |g,a° | 4,3 |o,50| None | 9.5 0,8] 1,7/<0,4] 0,4] 5,5 
brown nonearbonate 93.33 |5"7 6,8 0,44) 0 1 3,510,9! 4216 0511 0.36.0 
— noncalcic 33—43 |7,1 9,0 10,36) | 4,71 4,4] 4,41 0.1] 0.3] 7.3 
EE tee ad GOT 7g 144.0810 SoH cl nel 0,1] 0,2] 9°5 
Sey sean GO—78 (7,6 | 15,4 0,26) "| 6.7] 2.5) 1541 of4 of2li06 
alunaiiune (raseee toast ad, 9) 10/211 Mao) glesen aes 0,2) .031)12 34 
Piet iss 113—128:7,8 | 15,1 0,14) | 6,6] 2.61 2:2] of2t ofalia'7 
bretesicn) 128—145/7,5 | 41,3 |0,10) » | 5,41 2,21 .0;51 0:9! oft] 8°4 

145—168|7,5 6,1 10,09} » | 4,3; 1,6) 0,5] 074] 0:4] 6.6 
168—218|7,5 6,0 |0,07/ » | 5,0] 1,6) —| 0.2]<014] 6:9 
248—24018 ,7 7,0 10,07) <$:1°7,61.2,5] =| Oe O oes 


16. Noncarbonate 


= — 


desert; Aluvial 100—11318.9 
deposits (ma- : 
terials of third ex- 
cursion) weath, 

pr. (gd. 34 dex, ) 


413—150/8,9 


iC) 
sierozem -- Red 13==2 Ones 5s) : : 
Desert soil (Hap- 20—45 17,6 134 Ba 
largid); Califor- 45—80 |7,4 9°75 2"4 
nia; shrub semi- 80—10018 .9 3.4 2"4 

P3| Mes 

6,8) 1,4 


Iexchange acidity; DoH paste; “oH Oat, 


Note: Comma represents decimal point, 
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distinct features of cinnamonic soil formation, 


Soils with an even lower humus content, 
low adsorption capacity, and effervescence 
in the lower part of the first 50 cm, partly 
associated with coarser texture, form under 
more arid conditions on alluvial deposits. 
Carbonate content is high; as in the previous 
profiles of soils of this type adsorbed mag- 
nesium plays an important part (Table 35 
profile 14) — there is little adsorbed sodium. 


What is the position of these soils in the 
world classification system? Should they 
be classified as cinnamon-brown, gray- 
cinnamon-brown and sierozem despite their 
special morphological features and the ap- 
parently distinctive vegetation? In our opinion 
they should be so classified in view of their 
biological and agricultural features, primarily 
in relation to the conditions under which or- 
ganic matter is accumulated and decomposed, 
to the fact that they are mainly formed on 
largely gramineous semidesert cenoses and 
to the extensive development of clay accumu 
lation, which is a particularly distinct feature 
of soil formation on basic parent material. 
Our opinion is also guided by the agricultural 
use to which the soils are put, the crops 
grown, the need for irrigation and certain 
other agricultural features. These soils will 
be a special new facies subgroup of cinnamon- 
brown, gray-cinnamon-brown, and sierozem 
soils occupying extensive areas both in the 
United States and further to the south on the 
Mexican Plateau. This calls for a certain 
extension of the concepts of the sierozem and 
gray-cinnamonic soil groups that are largely 
based on materials from Central Asia and the 
Levant that are very narrow from the geo- 
graphic viewpoint. 


The meridional course of the Colorado 
River is an important soil and bioclimatic 
boundary between the distinctive Central 
American subtropical region here described 
and the Western American subtropical region 
that lies in California and extends southwards 
into Mexico. 


The specific climatic features of the Western 


American subtropical region are to be found 

in the annual precipitation in which it is © 
greatest in the color seasons and absent in the 
hot summer months. This typical Mediterran- 


ean type of moisture is clearly apparent on the 
graph for the Fresno Station in California (Fig. 
2d). It is completely analagous to curves for 
the Kyzyl-Arvat Station (Turkmenia) and 
differs markedly from the Santa Fe Station in 
New Mexico (Fig. 2e). 


Since the very similar climatic conditions 
in the arid districts of California and in the 
Eastern Mediterranean are reinforced by a 
certain similarity in vegetation (ephemers 
and ephemeridae are a major factor in both 
cases) it would appear that there ought to 
be similar soils. References in the literature 
and our own observations give a completely 
different picture. The soils of California, 
which we have ascribed to the gray-cinnamonic 
and sierozem groups on the basis of a combina- 
tion of other attributes, do not contain free 
calcium carbonate or effervesce at a consider- 
able depth (Table 3, profiles 15 and 16). They 
contain little humus and are morphologically 
clearly defined horizons of clay accumulation 
with a higher content of the clay fraction 
forming in the central sector of their profile. 
The adsorption complex is saturated with 
bases (calcium predominates and there is 
very little sodium). In the American classifica- 
tion these soils are ascribed to the noncalcic 
brown desert soil and red desert soil groups. 
In places they have highly compacted middle 
horizons (hardpan), such horizons may also 
develop following irrigation. If the Californian 
soils are compared with the soils of other 
Mediterranean districts, it can be seen that 
these features are not explained by the recent 
climatic features of the region. The con- 
temporary seasonal course of moisture cannot 
lead to the removal of calcium carbonate and 
one is forced to assume that the low carbonate 
content of these Californian soils is partly 
due either to initial non-carbonate composition 
of the soil-forming parent materials or to an 
earlier and more humid climatic stage, 
which may here have been during and after 
the Ice Age (pluvial epochs). 


Due to its warm climate, the absence of 
cold winters, favorable conditions for irriga- 
tion and the limited extent of saline soils and 
secondary salinized soils, California is one 
of the richest agricultural districts of the 
United States and produces cotton, citrus fruits, 
grapes, dates, and a wide range of other valu- 
able crops. 


Received March 13, 1961 


1367 


1 ie oo ee ee eee 


METHODS 
eas ed py BE Ee aa 


USE OF ELECTRODIALYSIS TO EXTRACT EXCHANGEABLE BASES 


(Ca and Mg) FROM SOIL! 


L. P. ORLOVA, V. V. Dokuchayev Soil Institute 


Electrodialysis is now being widely used in 
science and technology (3,7,10). In soil 
research it is used to study the colloidal 
fraction (1, 5,6), to determine the amounts 
of potassium and phosphorus in the soil and to 
extract exchangeable bases (Ca and Mg) (2, 8). 


K. K. Gedroyts was of the opinion that elec- 
trodialysis might find particular application in 
the determination of exchangeable bases in the 
soil; because when exchangeable cations are 
extracted by salt solutions, the solutions have 
the effect of flocculating the colloidal part of 
the soil and ''absolutely complete extraction 
of exchangeable bases is not possible with 
salt solutions" (4). 


Extraction by electrodialysis is very slow 
when the electrolyte requires distilled water. 
Various investigators have cited extraction 
times between 5 and 160 hr (6,8). The 
method has not, therefore, been widely used 
to extract exchangeable bases from the soil. 
Extraction of magnesium by electrodialysis 
of soil in water is particularly slow. Grigorov 
(6) cited Mattson's explanation that magnesium 
is combined more stably than other cations 
with the aluminosilicate component of the soil. 
Gorbunov (5) considers that there are two 
fractions of exchangeable magnesium in the 
soil; one of which (the most dissociated) is com- 
bined with organic matter and the other of 
which is combined with the mineral part of 
the soil. Grigorov and others (6) are of the 
opinion that as the soil is depleted of bases 
in the course of electrodialysis and as the 
cations migrate to the cathode, deposition of 
magnesium hydroxide |Mg(OH),] on the mem- 
brane is facilitated by the development of a 
strongly alkaline reaction at the cathode. This 
impedes the movement of the magnesium into 
the cathode chamber, 


Purvis and Hanna | 9] have developed a 
method for the rapid electrodialysis of soils 
in an 0.5 N boric acid solution that eliminates 
the high alkalization in the cathode membrane 
zone and promotes rapid extraction of the ex- . 
changeable bases. sf 


‘Work was done under the supervision of V.A. 
Chernov. 
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Boric acid (H,BO, — orthoboric) is an easily 
dissociated acid, its dissociation constants 
being 6. 4 x 10-10 at 25°C when the pH of the 
0.05 N solution is 5.4. Purvis and Hanna 
achieved total extraction of exchangeable 
bases from the soil in 20 min by electrodialysis 
in a boric acid solution. They used special 
miniature equipment in which the distance be- 
tween the electrodes in the small chambers 
was 3/8" (approximately 1 cm); a 5 g sample 
of soil placed in the middle chamber was not 
disturbed during the electrodialysis. They 
used Whatman Number 5 filter paper as a 
membrane. The current employed was rarely 
in excess of 0.2 amp at 110 V. The Ca, Na,and 
K were determined by flame photometry and 
magnesium by colorimetry. 


I have attempted to establish whether or 
not electrodialysis can be used to extract 
exchangeable bases from the soil, and if so 
what could be the optimum extraction conditions. 
In my research I took into consideration the 
method proposed by Purvis and Hanna (9). 


The electrodialysis was conducted in a three- 
chamber Pauli electro-dialyzer with a plexi- 
glass chamber. The central chamber (2 cm 
wide, volume 80 cc) was separated from the 
cathode and anode chambers by two membranes, 
beyond which were the platinum grids acting 
as electrodes connected to a de source. The 
side chambers were 6 cm-7 cm wide and had 
a volume of 250 cc. When assembled the 
apparatus was mounted on metal frames by 
screw clips. Parchment was used as a mem- 
brane since filter paper and the various filters 
at our disposal did not give satisfactory re- 
sults. Before use the parchment was cleaned 
by prolonged boiling (2 hr-3 hr) in distilled 
water followed by electrodialysis in distilled 
water for 5 hr. A 5 2 sample of soil and 70 
ce of 0.05 N H,BO, solution was placed in 
the central chamber. The ratio between the 
solid and liquid phases in the central chamber 
was 1:14, Throughout the electrodialysis the 
soil was stirred with an electrically-operated 
stirring rod. Mixing was improved by dividing 
the end of a rubber tube placed over the glass 
stirring rod vertically into four pieces which 
functioned as paddles on rotation of the rod. 


After the apparatus had been set up. the de 
current was not turned on until after the soil 
had been well-mixed with the electrolyte. The 


ne? NPP A aS 
a a 


USE OF ELECTRODIALYSIS 


220 
& 200+ \ 
= 
fol) 
f=) 
o 
H 
~ 
n 
e 
7) 
u 
* 100 
1S) 
0 JO 60 70 60 50 100 110 
Time, minutes 
Fig. 1. - Change in current strength during electrodialysis: Profiles: 1-3] Ay; 2 - 
9A2/'B, ; S259) By k= boric acid. 
13 
/ Ca+Mg 
10 
= 
oO 
n 
a> 
“a ——-Caem 
oS ss 5 
Hw 
oi 
3 
iS) 
eo) 
rs) 
S ——Ca 
=< - 
s Se at 
& 
0 120 
Time, minutes 
Fig. 2. - Course of extraction of exchangeable bases on electrodialysis of soil in boric 
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rectifier used as a de source could be regu 
lated to provide a current of between 300 V 
and 600 V at the terminals. The current used 
in the experiments varied between 100 ma and 
200 ma. The temperature of the catholytes 
when decanted was 40°C-50°C. 


Figure 1 shows the change in current strength 
during the course of electrodialysis. It re- 
vealed that current strength declined sharply 
and became stable within 30 min of electro- 
dialysis, at which time it was approximately 
the same as the current strength in electro- 


Profiles: 


ESI Adis 2 - 262 Bo. 


dialysis of pure boric acid. Figure 2 shows that 
the bulk of the exchangeable bases was ex- 
tracted in this half-hour period. There was a 
slight increase in the amount of extracted bases, 
mainly as the result of extraction of magnesium, 
if the electrodialysis was further prolonged. 
After 1.5 hr of electrodialysis the contents 

of the central chamber were filtered; silicic 
acid was detected in the filtrate, whereas no 
traces of silicic acid were detected in extracts 
of the same soil when the soil was agitated with 
0.05 N boric acid for 1 hr and 2 hr. It can 
therefore be assumed that prolonged electro- 
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Table 1 


Replicated determinations of exchangeable bases extracted from the soil by 
electrodialysis, meq per 100 g of air dry soil. Horizon B, 


—__—__. 


Light gray, forest, strongly 
podzolized 


Leached chernozem 


Note: Comma represents decimal point, 


Table 2 
Content of exchangeable bases, meq per 100 g of air dry soil 


3 Extraction 
F = By ammonium By electrodi- 
Soils = acetate alysis 

: zs rane | Ses eg ne 
| 34) A, 2—11 Light gray strongly pod- 9,4 |10,7] 7,7 | 3,0 | 41,4 ith I PASt 
| A; 15—25 zolized clay loam forest | 3,6 4,4) 3,4]1,0] 4,5 3,0 bla 
A2/B,| 28—36 soil 3,8 Lee MAUS 5 ley 110i) BE be 
B, 45—55 3,7 |12,0] 8,8 174 ||| OG 3,0 
Bs 75—85 3,6 /13,4] 9,8 | 3,6 | 13,4 Saat Ay 
By = {150—155 33154254 Sar 100.2 GE PAPO I) Shy 
15) Ap 0—10 [Sod-medium podzolic 4,5 | 4,8/3,6] 1,2] 6,0/5,0] 4,0 
Ap 10—20 tne on clay 4,2 | 6,4) 4,8| 1,6] 6,0] 4,8] 4,2 
A./B, 30—40 4,081 09; 210674) 192-8 8,0 )5, 8) fe2ae 
B, 50—60 3,8 |10,0] 7,6 2,4 |10,0] 6,5 So 
BC 80—90 3,9 | 8,8) 6,4 | 2,4 8,8} 6,0} 2,8 
(e 103—113 4,0 |12,8 J,a ue otGr to 8,8 S357! 
Slannl peewee le 
262/ApAgga] O—5 pie Secele stony 5,6 | 21,9] 15,1] 6,8 24,7/18,5] 6,2 
A,/B, 9—19 Sol ae) GUL 9 8,0) S57 hiss Uti) Slory 
B, 25—35 4,9 (12,1) 8,0] 4,4 1137 [AS Obes sy 
B, 90—60 4,5 4,9} 3,81 4,4 D5 4 nhl mT, 

Gi 90—100 5,4 9,6] 4,5] 4,4 yal] cA ; 

C, |140—150 one 6,4) 4,9] 1,5] 7.01 4 8 


we 


259} Asod —8 Leached medium-thick- 


5,9 /17,6/ 14,41 3,2 [17,7] 15,0| 2,7 
A, | 20—25 | ness chernozem 5,7 {,7,5| 5,71 1,811 6,21 5.01mi 
B, | 40—45 5,7 |15,1/ 11,3] 3,8 114.0] 11/0] 3'0 
Bem eo? 67 5,6 /17,0114,01 3,0 117,4/13°71 3°7 
Cy 100—105 7,2 Carbonate 

9] A, ea ky | Brown mountain-forest ScomdocG 42| 4 13,5 
A,/B,| 10—20 | deeply leached clay 3.6 3.6] aut a4 6,2 ae ne 
‘ ea m on san ° ’ ’ ais ’ ’ , 
Bema 302-40) Tirassiccde an 3,9 | 5,6] 3,4] 2,2] 6,0] 3:8] 2°2 
materials 


Note: Comma represents decimal point, 
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dialysis of soil in 0.05 N boric acid leads to 
decomposition of the crystal lattice of the 
minerals as the soil is depleted of exchange- 
able bases and becomes saturated with hydro- 
gen, and additional amounts of magnesium 
and, in part, calcium ions pass into the catho- 


lyte. 


It was established by studies under the exper- 


imental conditions described previously that 
30 min is the extraction time required when 
extracting exchangeable bases from soil by 
electrodialysis. On conclusion of the electro- 
dialysis the contents of the cathode chamber 
were decanted into a 250 ce volumetric flask. 
The inner walls of the chamber were care- 
fully washed with boric acid and the wash 
water was added to the catholyte in the 
volumetric flask. The volumetric flask was 
made up to the mark with boric acid solution, 
and aliquot portions (100 ce each) were taken 
from this volume to determine calcium and 
magnesium by trilon B. When the effect of 
boric acid on titration of Ca and Mg with 
trilon B was tested in a series of standard 
solutions of CaCl, and MgSO, it was found not 
to prevent end determination of these cations. 
On titration of the catholytes, with murexide 
and chromogen black as indicators, the color 
change was distinct, and the end of the titra- 
tion was precisely established. 


Table 1 gives information obtained from 
replicate determinations of exchangeable 
bases in soils extracted by electrodialysis. 
The determinations were made with various 
noncarbonate soils. The exchangeable bases 
were extracted from the soil by electrodialysis 
in boric acid and in a solution of ammonium 
acetate; in both cases the end determination 
was made by titration with trilon B. These 
two methods gave very similar results (Table 
2). 


In view of its rapidity, extraction by elec- 
trodialysis in 0.05 N boric acid and the deter- 
mination of calcium and magnesium in the 
catholytes by titration with trilon B can be 
used for mass determination of exchange- 
able bases in soil. 


Conclusions 


Exchangeable bases can be extracted in 
30 min by electrodialysis of soil in a solution 
of boric acid given the following experimental 
conditions: current 0.1-0.2 amp, voltage 
300-500 V, temperature of soil suspension 
499C-50°C. The determination of Ca and Mg 
is made with trilon B. Results obtained by 
electrodialysis are inagreement with extrac- 
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tion using ammonium acetate. 
more rapid. 


10. 


- GORBUNOV, N.I. 1939. 


This method is 
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SOIL AND AGROCHEMICAL TERMINOLOGY 
IN THE ENGLISH-RUSSIAN AGRICULTURAL 


DICTIONARY 


E. I. SHKONDE 


Everyone recognizes the great importance 
of agrochemistry and soil science to agriculture 
Agrochemistry and soil science terms are con- 
tinually encountered in research papers, text- 
books, and monographs on biology, geology, 
geography, and other related branches of the 
natural sciences as well as in more strictly 
agricultural publications. 


It is very important to extend scientific 
cooperation with the countries in which Eng- 
lish is spoken and to study foreign achieve- 
ments and methods. Although many transla- 
tions of English-language books and articles 
have been published in the USSR in the last 
few years, the quality of the translations is 
sometimes low. Misrepresentation of agro- 
chemistry and soil science terms confuses 
the specialist reader and does great scientific 
and practical damage. 


The main reason for the existence of bad 
Russian translations of Enzlish soil and 
agrochemical literature is the lack of an 
English-Russian dictionary devoted to soil 
science and agrochemistry and the poor 
quality of the English-Russian Agricultural 
Dictionary compiled by B. N. Usovskiy, N. V. 
Gaminova, and T. A. Krasnosel'skaya (Fiz- 
matgiz, 1952, 1956). The terms on soil 
science, agrochemistry, and agriculture 
in the dictionary have been selected without 
any apparent system and presented to the 
reader without qualification. It is not known 
when a new English-Russian agricultural dic- 
tionary will be published, nor whether it will 
be much of an improvement on the existing 
one, What is certain is that Soviet specialists 
will continue to use Usovskiy et al for many 
years to come. It is therefore extremely im- 
portant that the major mistakes and mistransla- 
tions of soil science and agrochemical terms 
should be pointed out. 


Firstly, the very word 'pedology" (poch- 
vovedeniye) is given as "pedologiya, bur-_ 
zhuaznoye ucheniye o pochve v otryve ot 
sel'skokhozyaystvennozo proizvodstva." The 
term is a Synonym for "Soil science” and the 
source of the "definition" is completely ob- 
scure. Since genetic soil groups and their 
classification are confused in the dictionary, 
the most fantastic names are given to some 
soils. Thus, ''alkali soil" (solonech) is given 
as solonchak, while "saline soil” (solonchak) 


solod' or slaboshchelochnaya pochva and '"'a 
salt soil’ (zasolennaya SATS as solonk- 

sevataya pochva. ''Bottom land" should, of 
course, be poyma, nizina and not ''materik"” 


and ''calcareous soil’ should be karbonatnaya 
pochva and not mergellstaya pochva. 


Krasnozem, zheltozem, krasnaya pochva 


are given as equivalents for "lateritic soil" 
(lateritnaya pochva); "primitive soil" (slabor- 


azvitaya, or primitivnaya pochva) is described 


as tselinnaya or devstvenna pochva, "native 

soil” (estestvennaya, neokul'turennaya pochva) 
as '"'materik", "'residual soil" (ostatochnaya 
pochva) as besstrukturnaya vypakhannaya pochvya, 
"a young soil’ (molodaya, slaborazvitaya pochva) 
as tselina or nov’. In addition "mellow soil" 
(spelaya pochva) is called staropashka, ''com- 
pact soil" (slitaya pochva) — svyaznaya pochva, 
"fine soil" (tyazhelaya po mekhanicheskomu 
sostavu pochva) — pelitovaya pochva, "sweet 
soil” (neytral'naya pochva) — nekislaya pochva, 
"cumulose soil" (itistaya pochva) —- fitoplank- 
ton and "humus" -- chernozem. 


pochvy, kachnesty. pochvy, raspolozheni 
voverchacice: ithe dictionary icles 
svalinok, glina and even glinozem, "silt" 

(pyl’) is tina or ii, "loam™ (suglinok) is 
glinozem, sandy clay (peschanaya gliya) is 

supes, "silt loam" (pylevatyy suglinok) is 
ilisto-glinistaya pochva, sandy loam peschanistxy 
suglinok) is suglinok, and "texture separation" 
(razdeleniye po mekhanicheskomu sostavu) is 
mekhanicheskiy raspad tkaney. "Light textured 
(legkaya po mekhanicheskomy sostavu pochva) 
soil" is translated as "legkaya po svoemu 
stroeniyu pochva. " 


The names of the genetic horizons have been 
confused. The B (illyuvial'nyy) horizon is given 


as elyuvial'nyy, the C (materinskaya pochva) 


horizon as illyavial'nyy and the D podsilayu- 
shchaya gornaya poroda) horizon as poch- 
voobrazuyushchaya materinskaya poroda. Such 
a common term as “weathering” (vyvetrivaniye) 
is called defiyatsiya and eroziya while "defla- 
tion" (vyduvaniye, vetrovaya eroziya) is called 
vyvetrivaniye, "Greepine’| (opolaaat a pochvy) 
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is translated as podduvaniye ochvy and "soil 
washing" (promyuka pochvy as _vymyvaniye, 


The English expression for geterogennost' 
(neodnorodnost') pochvy is "soil het 
but the dictionar 


naya poroda, "tilth” 
pochvy) as obrabotka, pakhaniye, struktura 
pochvy. ea 


delyvaemaya kul'tura) becomes propashnaya 
ul'tura, sickness” (utomleniye pochvy) is 


There has been great confusion over the 
translation of ''small grains" (zernovyye kul'- 
tury bez kukuruzy), which the dictionary de- 
fines as melkiye zernovyye kul'tury. "Sod 
crops" (plastoobrazuyushchiye kul'tury) is 
translated as plastovvye kul'tury. 


The symbol "NPK" (polnoye udobreniye) is 
broken down as "natrium, phosphorus, kali"; 
apatite (apatitovaya poroda an apatit) is 
translated as fosfornokislyy kal'stiy "dressing" 
(razbrasyvaniye ili vneseniye udobreniya) 
is translated as udobreniye i navoz, and 
"farmyard manure" (navoz) as komposi i 
stoylovoye udobreniye. A term such as 
"fertilizer formula” (soderzhaniye v udobrenii 


"Manurial treatment" (variant 


"Sur- 
face water" (verkhovodka) is explained as voda, 
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idvshchaya srerkh l'da, and "'friability of soil" 
(kykhlost' or kroshimost' pochvy) as eroziy- 
nost pochvy. . oe 


It should be noted that current soil and agro- 
chemical terminology is missing from the 
dictionary, that the agricultural terrms are 
reduced to the minimum and that the compilers 
often direct the reader to the scientific and 
technical level of agriculture in the 1930's. 


Every agronomist knows the term "dentri- 
fication" (denitrifikatsiya, biologicheskoye 
vosstanovleniye s poterey motekulyarnogo 
azota) but the dictionary defines ? as 
prevrashcheniye slozhnykh azotistykh 
soedineniy v boleye prostyye. 


The compilers of the dictionary and the 
technical editors have been so cavalier in their 
treatment of terms that, for example, they 
give ''gleying" instead of "gleization" for 
ogleyeniye, ''conserving" instead of ''conserva- 
tion" for okhrana or zashchita and "veterinary" 
instead of "veterinary science" for veterinariya. 
Oprobkoveniye tkaney, is given as Spee nS 
oprobkovaniye, borozdovoy as borozdchatyy, 
wizinnyy aS nizmennyy, vskipanoshchiy as 
yspuchivayushchiy and so on. Their lack of 
knowledze of the subject has led to bad lexico- 
graphy. Specialists will be sceptical of such 
terms and concepts as amfoternaya pochya, 

Nor can one speak of gumifikatsiya pochvy, 
but only of gumifikatsiya organicheskikh 
ostatkov v pochve. Different definitions have 


been thought up for the synonyms "'anabadust"' 
and ''anabasinsulphate". 


The dictionary instructs the reader that 


The dictionary defines 
"unreclaimed field" (neosvoennoye pole) as 
ar, 


vstvennaya tekhnika) as agroteknika. 


The serious mistakes incorporated in the 
dictionary have found their way into trans- 
lated books and collections of articles. A 
typical example is Israelson's book on the 
"Theory and practice of irrigation", published 
by the Foreign Literature Press in 1956, The 
same can also be said of several of the trans- 
lations issued by Sel'khozgiz. It is worthwhile 
pointing out that the mistakes in the dictionary 
are also repeated in other subject diction- 
aries, especially in the English-Russian 
and Russian-English geological dictionaries 
compiled by T. A. Sofiano (1957, 1961). 
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I have not attempted to make a detailed ex- 
amination of the terminology in the dictionary, 
but have merely noted the worst mistakes con- 
cerning soil science, agrochemistry, and 
agriculture so as to help Soviet specialists 
in their translation work and to provide a 
correct definition of a number of important 
terms. I hope that this article may help 
translators and specialists to avoid the mistakes 
of the dictionary and to derive more benefit 
from foreign publications on agrochemistry and 
soil science. 


The compilation of an English-Russian sub- 
ject dictionary calls for a great deal of con- 


scientious and creative work by specialists who 
know English and have a complete mastery of 
the present-day state of their subject. 


In view of the unsatisfactory nature of the 
dictionary here reviewed I am sure that the 
Editorial Board for Scientific and Technical 
dictionaries will put in hand a large and up-to- 
date English-Russian agricultural dictionary, 
in which appropriate space is devoted to soil 
science and agrochemistry. There is also cer- 
tainly a need for a definitive English-Russian 
dictionary of soil science and agrochemistry, 
which does not at present exist. 
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CHRONICLE 


A CONFERENCE ON HEAT MEASUREMENT IN CRYOLOGY 


I, V. SHEYKIN, Scientific Secretary of the Conference Organizing Committee 


A conference on heat measurements in 
cryology convened in Moscow in February 
1961 by the V. A. Obruchev Geocryologi- 
cal Institute of the USSR Academy of Sciences 
to discuss the present methods of studying 
heat and mass exchange in deep frozen, 
frozen and thawing soils, snow and ice, 
and to exchange experience on the construc- 
tion of instruments and apparatus for re- 
search and investigation. 


The Conference was attended by representa- 
tives of thirty-two bodies concerned with 
scientific research, planning, investigation, 
and building from Moscow, Leningrad, 
Magadan, Vorkuta, Yakutsk, and other 
towns. Twenty-eight papers and communica- 
tions on various aspects of study methods and 
equipment were read at the Conference and 
discussed, 


Particular attention was paid to methods 
for measuring the temperature of rocks, 
snow, andice. A.V. Golubev (Institute of 
Geocryology, USSR Academy of Sciences) 
presented a detailed paper on the scope of 
heat measurements in cryology. Golubev 
dealt with differences in methodological 
approach when studying the heat regime of 
rocks, when determining boundary conditions 
of heat exchange between rocks and the 
atmosphere, and when solving particular ap- 
plied problems concerning heat interaction 
between buildings and foundations. Particular 
attention was paid to the possible scope of 
physical modeling as a method in thermal 
studies. A paper by Ogil'vi (All-Union Re- 
search Institute for Hydrology and Engineer- 
ing Geology of the USSR Ministry of Geology 
and Natural Resources) dealt with problems 
involved in the study of heat exchange in a 
rock bed with an annual pattern of tempera- 
ture variation. 


Ogil'vi noted the difficulty of studying the 
processes of energy and mass exchange in 
this layer and suggested a method for calcu- 
lating condensation and evaporation at 
different levels in the layer by analyzing 
the temperature regime of the rocks. 


LV. Sheykin (Institute of Geocryology, 
USSR Academy of Sciences) spoke on new de- 
velopments in the methodology of tempera- 


ture measurements involving the use of junction- 
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type germanium diodes as electrical tempera- 
ture probes. This new method eliminates 

the effect of supply leads for a high tempera- 
ture coefficient of the diode by a back current of 
the order of 12%. I. Ye. Dukhin (Institute of 
Geocryology, USSR Academy of Sciences) 
obtained a high level of accuracy (of the order 
of 0. 01°C) in remote field temperature measure- 
ments using a thermistor instrument of his own 
construction. Ye. N. Tsykin spoke on the use 
of thermistors for remote measurements of 
the temperature of glaciers to within 0. 19C 
(Institute of Geography, USSR Academy of 
Sciences). 


V.N. Dimo (V. V. Dokuchayev Soil Institute) 
and V.I. Zhigunov and A.M. Proshin (Gidro- 
proyekt) also spoke on the use of thermistors 
under field conditions, 


All investigators reported and stressed the 
high stability of thermistor cells which are sub- 
jected to preliminary ageing. 


L. Ye. Vedernikov (All-Union Scientific 
Research Institute No. 1) presented a large 
paper on the productive use of resistance 
thermometers by the Magadan Council of the 
National Economy. He demonstrated a highly 
portable multi-channel remote-operating 
measuring device based on the M-198 galvano- 
meter and photorecording for measuring 
temperatures accurate to within 0.1°C. He 
also demonstrated samples of probes. 


A number of communications dealt with 
improvements in resistance thermometers, 
thermocouples, and other measuring devices. 


I. S. Ivanov (Institute of Geocryology, 
Siberian Department USSR Academy of 
Sciences) put forward an interesting new way 
of constructing a theory of heat transfer. His 
proposals utilized the methods of statistical 
physics and probability theory. 


M. A, Kaganov and T.I. Kaganova (VASKHNIL 
Agrophysical Research Institute) dwelt in detail 
on the results of prolonged research on the 
development of a method for determining the 
thermal properties of soil, snow, and ice 
using an invariable spherical probe. N,V. 
Serovoy (Chief, Geophysical Observatory) 
also dealt with the use of a linear probe with 
a restricted heating time to measure the 


I.V. SHEYKIN 


thermal characteristics of the soil, snow, 
and ice. 


Several communications dealt with the , 
methods and apparatus for determining soil 
moisture and water transfer in soil. 


A.M. Globus (VASKHNIL Agrophysical _ 
Research Institute) spoke on laboratory studies 
of moisture migration. 


F.S. Zavel'skiy (VSEGINGEO) and V. D. 
Ponomarev (Institute of Geocryology, 
USSR Academy of Sciences) spoke on the use 
of gamma radiation in direct and indirect 
measurement of moisture and the study of 
moisture dynamics. Attempts to use IVP-53 
moisture probes to determine moisture poten- 
tial and the amount of unfrozen water in soil 
were dealt with respectively by V. N. Chubarov 
(VSEGINGEO) and I. V. Boyko (Pechora Coal 
Research Institute). 


Two papers were devoted to the measure- 
ment of heat flow in soil. Possible errors in 
the measurement of heat flow by thermoelectric 
measuring devices were dealt with in a paper 
by M. A. Kaganov and Yu. L. Rozenshtok 
(VASKHNIL Agrophysical Research Institute). 


L. P. Semenov (Institute of Geocryology, 
USSR Academy of Sciences) proposed a simpli- 
fied method for calibrating heat-measuring 
instruments. V.N. Bogoslovskiy (V. V. 
Kuybyshev Moscow Institute of Constructional 
Engineering) spoke on the procedure for mea- 
suring absorption of solar radiation by snow 
in the Antarctic and on the results obtained. 


Finally, there were papers on instruments 
for studying freezing and swelling of soil 
(G.P. Bredyuk, Transport and Power Institute, 
Siberian Department, USSR Academy of 
Sciences; B. V. Utkin, State All-Union Road 
Research Institute). 


As a result of discussion of the papers the 
Conference was able to note certain achieve- 
ments in heat measurements in cryology: 


1) the introduction of electrical methods of 
temperature measurement has considerably 
increased the reliability and accuracy of data 
in engineering geology, both in prospecting 
and in controlling the use of installations. 
Particular progress has been made in the 
introduction of semi-conductor instruments 
for temperature measurements under field 
conditions; 


2) multi-channel instruments for tempera- 
ture measurements in fixed installations and 
under field conditions have been designed. 
These instruments record the reading auto- 
matically; 


3) the new junction-type germanium diode 
instruments that have been developed for 
temperature measurement have considerable 
advantages for remote measurement; 


4) thermoelectric measuring instruments 
are being used to study the processes of heat 
transfer in various media; 


5) probe methods are now being used in 
research to determine the thermal character- 
istics of the soil, snow, and ice; and 


6) radioactive methods for studying the 
dynamics of ground moisture have been de- 
veloped. 


The Conference also noted the main weak- 
nesses in the development of methods for heat 
measurement in cryology and in the design of 
the apparatus required: 


1) the absence of an integrated procedure 
for physical studies of heat in soils, soil 
materials, snow, and ice, although such 
measurements are frequently made for 
various practical purposes; 


2) the failure to organize centralized out- 
put of equipment for geocryological re- 
search has obliged various organizations 
to develop and manufacture instruments suit- 
able for their tasks and conditions, since 
commercial equipment is sometimes un- 
suitable for geocryological purposes; and 


3) there is a lack of coordination between 
the various organizations in the development 
of equipment for heat measurements in cryo- 
logy and this retards the practical introduction 
of the best prototypes. 


The Conference felt obliged to recommend 
the following measures; 


1) That there should be an intensification of 
research on methods for the joint study of the 
processes of heat and mass exchange and on 
the development of the equipment needed, 


2) That the experience of the organiza- 
tions concerned should be embodies in a hand- 
book of heat measurements in soils, soil 
materials, snow, and ice. 


3) That the industrial production of the 
most satisfactory prototypes should be 
studied concurrently with the compilation 
of the handbook. 


4) That a work conference should be 
convened in 1962 with the object of unifying 
research methods, standardizing equipment 
and further coordinating work on the heat 
measurements, 


5) That the Conference proceedings should 
be published as a separate collection, 


The resolution adopted by the Conference 
reflected the present state of the subject and 
the trends for further work to improve heat 
measurements in cryology. 
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AIBS Russian Monograph Translations 


The AIBS is in the process of expanding its Russian Translations Program extensively. Funds to subsidize 
if translation and publication of important Russian literature in biology have been obtained from the National 
} Science Foundation, as part of a larger program to encourage the exchange of scientific information between 


-| the two countries. The following monographs have been published: 


-}| Origins of Angiospermous Plants. By 4. L. Takhtajan 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin 
68 pp. [13 illustrations] 844 x 1034. $3.00, individuals and industrial libraries (U.S. & Canada); $2.00, 
| _AIBS members and all other libraries; $.75 additional, foreign. 
| Essays on the Evolutionary Morphology of Plants. By A. L. Takhtajan 

1 Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin 

144 pp. [32 illustrations] 8% x 1034. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 
‘| ~~ AIBS members and all other libraries; $.75 additional, foreign. 
‘| Problems in the Classification of Antagonists of Actinomycetes. By G. F. Cause 
| Edited by David Gottlieb. Translated by Fritz Danga. 
q 
| 


wee ee 


% 


-} 165 pp. [18 illustrations] 7 x 10. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 
i AIBS members and all other libraries; $.75 additional, foreign. 
Bends. Vol. IV, No. 2. Fauna of the U.S.S.R. By B. I. Pomeranizev 
Edited by George Anastos. Translated by Alena Elbl 
| 199 pp. [638 illustrations] 7 x 10. $10.00, individuals and industrial libraries (U.S. & Canada) ; $9.00, 
AIBS members and all other libraries; $.75 additional, foreign. 
Arachnoidea. Vol. VI, No. 1. Fauna of the U.S.S.R. By A. A. Zachvatkin 
Translated and edited by A. Ratcliffe and A. M. Hughes 
567 pp. [705 illustrations] 7 x 10. $10.00, individuals and industrial libraries (U.S. & Canada); $9.00, 
AIBS members and all other libraries; $.75 additional, foreign. 
Marine Biology. Trudy Institute of Oceanology. Vol. XX. Edited by B. N. Nikitin 
302 pp. [66 illustrations] 844 x 1034. $10.00, individuals and industrial libraries (U.S. & Canada) ; $7.50, 
AIBS members and all other libraries; $.75 additional, foreign. ; 


‘Plants and Xrays. By L. P. Breslavets 


3 Editor of English Edition: Arnold H. Sparrow 
4 115 pp. [26 illustrations] 7 x 10. $5.00, individuals and industrial libraries (U.S. & Canada) ; $4.00, 
3 AIBS members and all other libraries; $.75 additional, foreign. 
| Wintering of Plants. By /. M. Vasil’yev 
Editor of English edition: Jacob Levitt. 
4 $9.00, individuals and industrial libraries (U.S. & Canada); $8.00, AIBS members and all other libraries; 
| ‘$75, additional, foreign. 
| Monogenetic Trematodes, Their Systematics and Phylogeny. By Boris E. Bychowsky 
et Editor of English edition: William J. Hargis, Jr. 
4 $10.00, individuals and industrial libraries (U.S. & Canada) ; $9.00, AIBS members and all other libraries; 
3 $.75, additional, foreign. 
i For orders and a FREE copy of our Publications Catalog listing all AIBS Publications, write to: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, .N.W. Washington 6, D. C. 
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AGRONOMY SEMINAR <n 
; 305 DAVENPORT HALL™ = pt pe | 


TRANSLATIONS OF bom 
RUSSIAN BIOLOGICAL JOURNALS 


The DOKLADY Sections listed below will be combined into DOKLADY 
BIOLOGICAL SCIENCES SECTION starting with Volume 142. Current oY 
issues, 1962 Vols. 142-147. , i i 


Subscriptions: : 
$45.00 per year, individuals and indus- ° $2.50 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $8.60 each, single copies 


$35.00 per year, AIBS membhers and all 
other libraries 


Back issues: DOKLADY BIOLOGICAL SCIENCES SECTION, 6 issues per year, _ 
first issues published, 1957, Vols. 112-117. Subscriptions: $20.00 per year, individuals 
and industrial libraries (U.S.A. & Canada); $15.00 per year, AIBS members and 

all other libraries; $2.50 additional to each price, foreign; $4.00 each, single copies. _ 
DOKLADY BIOCHEMISTRY SECTION, 6 issues per year, first issues published, rs 
1958, Vols. 118-123. Subscriptions: $15.00 per year, individuals and industrial 
libraries (U.S.A. & Canada); $10.00 per year, AIBS members and all other libraries; me. 
$3.00 additional to each price, foreign: $4.50 each, single copies. DOKLADY 
BOTANICAL SCIENCES SECTION, 6 issues per year, first issues published, 1957, _ A 
Vols. 112-117. Subscriptions: $7.50 per year, individuals and industrial libraries 
(U.S.A. & Canada); $5.75 per year, AIBS members and all other libraries; $1.50 


additional to each price, foreign; $1.50 each, single copies. 


ENTOMOLOGICAL REVIEW 


ENTOMOLOGICHESKOYE OBOZRENIYE 


4 issues per year. First issues published ; 1958. Vol. 37, Nos. 1-4. Current issues pub-— 
lished: 1962, Vol. 41, Nos. 1-4. 


Subscriptions: ‘ 
$25.00 per year, individuals and indus- $3.00 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $7.50 each, single copies 


$12.00 per year, AIBS members and all 
other libraries 


MICROBIOLOGY ® MIKROBIOLOGIYA , 
6 issues per year. Issues available: 1959, Vol. 28, Nos. 1-6. Current issues published: 
1962, Vol. 31, Nos. 1-6. 
Subscriptions: : 

$20.00 per year, individuals and indus- $2.50 additional to each price, foreign 

trial libraries (U.S.A. & Canada) $4.00 each, single copies . Me 
$15.00 per year, AIBS members and all > 

other libraries , 


SOVIET PLANT PHYSIOLOGY ® FIIZIOLOGIYA RASTENIY 


6 issues per year. First issues published: 1957. Vol. 4, Nos. 1-6. Current issues pub- 
lished: 1962, Vol. 9, Nos. 1-6. 


Subscriptions: 
$15.00 per year, individuals and indus- $2.00 additional to each price, foreign 
trial libraries (U.S.A. & Canada) $3.00 each, single copies 


$11.00 per year, AIBS members and all 
other libraries 


SOVIET SOIL SCIENCE ® POCHVOVEDENIYE 
sae per year. First issues published: 1958. Current issues published: Jan.-Dec., — 


Subscriptions : 
$40.00 per year, individuals and indus- $3.00 additional to each rice, foreigr : 
trial libraries (U.S.A. & Canada) $4.50 each, single chnlees pas 3 


$20.00 per year, AIBS members and all 
other libraries 


Order from: 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. Washington 6, D.C. mS 
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